
INTERNAL NOTE 

w 

March 9 ,  1962 IN-M-PSrL E-V- 62 - 1 

SATURN C- 1 ENVIRONMENTAL C R I T E R I A  

(BLOCK 11 AND SUBS. )  

N 65 - 22 54  7 
E 

F O R  I N T E R N A L  USE ONLY 

I MSFC - Form 1094 (May 1961) 

w 
GEORGE C. MARSHALL SPACE FLIGHT CENTER 

Y 

Huntsville, Alabama 
Y 
0 



GEORGE C .  MARSHALL SPACE F L I G H T  CENTER 

I N  -M- P&VE -V- 62 - 1 

SATURN C- 1 ENVIRONMENTAL C R I T E R I A  

(BLOCK I1 AND SUBS.) 

Prepared by the  

V e h i c l e  Systems I n t e g r a t i o n  O f f i c e  

VEHICLE SYSTEMS INTEGRAT ION OFF I C E  
PROPULSION AND VEHICLE ENGINEERING D I V I S  ION 

GEORGE C .  MARSHALL SPACE FLIGHT CENTER 
NATIONAL AERONAUT I C s  AND SPACE ADMIN ISTRAT ION 

HUNTSVILLE, ALABAMA 

b 



GEORGE C .  MARSHALL SPACE FLIGHT CENTER 

~ ~ ~~ 

I N  -M-P &VE -V - 6 2 - 1 

SATURN C-1 ENVIRONMENTAL C R I T E R I A  

(BLOCK I1 AND SUBS.) 

Prepared by the 

Vehicle Systems Integration Office 

ABSTRACT 

33547 
This document presents the natural and the induced environments 

to be expected during manufacture, test, storage, transportation, 
launch and flight of the Saturn C - 1  vehicles beginning with SA-5  
and subsequent. The natural and the induced environments are also 
presented for launch complex 37 and complex 3 4 .  
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INTRODUCTION 

This document presents the natural and the induced environments 
experienced by the Saturn C-1 vehicles (beginning with SA-5 and sub- 
sequent) during the manufacture, storage, test, transportation, 
launch and flight phases. The induced environments are also pre- 
sented for launch complex 37 for the launch and lift-off phases. 
These values will apply to complex 34 when it is modified to accommo- 
date the Block I1 vehicles. 

The purpose of this document is to present a common set of 
hnvironmental criteria) that can be used by all design organizations 
as a basishor designing and testing components located in various 
Saturn vehicle zones and launch complex aread The data presented 
is preliminary and based on the latest available information. 
Revisions will be made as missing and/or better defined information 
becomes available. 

The vehicle has been divided into a number of zones. The 
environments for the vehicle test, launch and flight phases are 
presented on a zone basis. The environments for the manufacture, 
storage, and transportation phases are presented on a stage basis. 



ORGANIZATION OF WORK 

This  manual i s  d iv ided  i n t o  four ( 4 )  s e c t i o n s .  Each s e c t i o n  
con ta ins  i t s  own t a b l e  of con ten t s ,  l i s t  of t a b l e s  and l i s t  of  
i l l u s t r a t i o n s .  They a re  as f o l l o w s :  

SECTION I - GENERAL 

SECTION I1 - NATURAL ENVIRONMENTS 

SECTION 111 - VEHICLE INDUCED ENVIRONMENTS 

SECTION I V  - LAUNCH COMPLEX INDUCED ENVIRONMENTS 
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1.1 ENVIRONMENTS 

The environment i s  the  aggregate  of a l l  cond i t ions  and in f luences  
which a f f e c t  t h e  o p e r a t i o n  o f  t he  v e h i c l e  systems and components. The 
n a t u r a l  and t h e  induced environments a r e  considered i n  t h i s  document. 

1.1.1 Natu ra l  Environments - The n a t u r a l  environment c o n s i s t s  of 
t h o s e  cond i t ions  t h a t  e x i s t  i n  t h e  e a r t h ' s  atmosphere from sea l e v e l  
t o  an  a l t i t u d e  of 300 ki lometers  and on land and water s u r f a c e s  i n  
C a l i f o r n i a ,  Panama Canal Zone, Gulf of Mexico and Southeastern United 
S ta tes .  

1 .1 .2  Induced Environments - The induced environments are  t h o s e  
cond i t ions  of shock, v i b r a t i o n ,  temperature ,  e t c . ,  exc lus ive  of t h e  
n a t u r a l  environment t o  which the v e h i c l e  would be exposed. The 
induced environments i nc lude  handling and o p e r a t i o n a l  shock and 
v i b r a t i o n  loads ,  aerodynamic hea t ing ,  f l i g h t  a c c e l e r a t i o n s ,  a c o u s t i c  
v i b r a  t ions , e t  c . 
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1 . 2  PROGRAM PHASES 

1 . 2 . 1  Manufacturing Phase - The manufacturing phase i s  t h a t  pe r iod  o f  
t i m e  beginning w i t h  t h e  i n i t i a l  f a b r i c a t i o n  and assembly of  each s t a g e  
and t h e  instrument u n i t  major s t r u c t u r a l  component. It extends t h r u  the  
f i n a l  i n s t a l l a t i o n  of  t h e  s t a g e  and instrument u n i t .  

1 . 2 . 2  Test Phase - The t e s t i n g  phase i s  t ha t  pe r iod  of  t i m e  du r ing  
which a l l  t es t s  a re  performed on t h e  v e h i c l e  s t a g e s  and components. 
It inc ludes  dynamic and s t a t i c  t e s t i n g  of t h e  v e h i c l e  s t a g e s .  

1 .2 .3  Storage Phase - The s t o r a g e  phase i s  t h a t  pe r iod  of  t i m e  dur ing 
which t h e  assembled v e h i c l e  s t ages  , instrument u n i t ,  and components 
are  l o c a t e d  w i t h i n  permanent s h e l t e r s  o r  c o n t a i n e r s .  

1 . 2 . 4  Transpor t a t ion  Phase - The t r a n s p o r t a t i o n  phase i s  t h a t  pe r iod  
o f  time dur ing  which t h e  veh ic l e  s t a g e s  and components are  moved from 
one s i t e  t o  ano the r .  This pe r iod  a l s o  inc ludes  e r e c t i o n  and removal 
o f  the v e h i c l e  s t a g e s  a t  t h e  var ious s i t e s .  T r a n s p o r t a t i o n  during 
t h i s  phase can be by land ,  a i r ,  r i v e r s ,  g u l f ,  oceans and i n l a n d  
waterways us ing  l and  t r a n s p o r t e r s  , ocean going barges  and s h i p s  , 
a i r c r a f t  and l i f t i n g  c ranes .  

1 . 2 . 5  Launch Phase - The launch phase i s  t h a t  pe r iod  of  t i m e  from 
i n s t a l l a t i o n  o f  t h e  S - I  s t a g e  on t h e  launch p e d e s t a l  u n t i l  v e h i c l e  
l i f t - o f f .  

1 . 2 . 6  F l i g h t  Phase - The f l i g h t  phase i s  t h a t  pe r iod  o f  t i m e  from 
v e h i c l e  l i f t - o f f  (release o f  t he  holddown arms) u n t i l  S-IV s t a g e  
c u t o f f  o r  s e p a r a t i o n  of  t h e  S - I V  s t a g e  from t h e  s p a c e c r a f t .  Vehicle  
l i f t - o f f  a c c e l e r a t i o n  i s  included i n  t h i s  phase. 

1 .2 .7  Recovery Phase - Not a p p l i c a b l e .  

1 - 2  
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1 . 3  VEHICLE CONFIGURATION 

The SATURN C - 1  veh ic l e s  c o n s i s t  of t h e  l i v e  S - I  s t a g e  wi th  8 
c l u s t e r e d  188,000 pound t h r u s t  H - 1  r ocke t  engines ,  t h e  l i v e  S - I V  
s t a g e  w i t h  6 c l u s t e r e d  15,000 pound t h r u s t  RL10-A-3 rocke t  engines ,  
an instrument  u n i t  and spacec ra f t  ( see  f i g .  1.1). 

The S - I  s t a g e  has  n ine  propel lan t  t anks ,  one cen te r  Lox tank 
and 4 Lox and 4 f u e l  tanks mounted c i r c u m f e r e n t i a l l y  around t h e  cen te r  
Lox tanks .  The S - I  s t a g e  is  powered by e i g h t  H - 1  engines  t h a t  use 
Lox and RP-1 .  Each engine has  a nominal s ea  l e v e l  t h r u s t  of 188,000 
pounds and a nominal sea  l e v e l  s p e c i f i c  impulse of 255.5 l b  s e c / l b .  

The S - I V  s t a g e  i s  a c y l i n d r i c a l  type  conf igu ra t ion  t h a t  is  
220 inches i n  d iameter .  The S - I V  s t a g e  is  powered by s i x  RL10-A-3 
engines  t h a t  use Lox and LH2. Each engine has a nominal vacuum 
t h r u s t  of 15,000 pounds and a vacuum s p e c i f i c  impulse of 420 l b  s e c / l b .  
The s t a g e  i s  loaded wi th  100,000 pounds of useable  p r o p e l l a n t s .  

The instrument  u n i t  i s  l oca t ed  on top of t h e  S - I V  s t a g e .  It 
houses t h e  a c t i v e  and t h e  passenger guidance systems and instrumenta-  
t i o n ,  power s u p p l i e s ,  antennas,  e t c .  An x-shaped p res su r i zed  c y l i n d r i -  
c a l  s e c t i o n  i s  contained wi th in  t h e  instrument  u n i t .  
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1 . 4  

ZONE 1 

ZONE 2 

ZONE 3 

ZONE 3-1 

ZONE 3-2 

ZONE 3-3 

ZONE 4 

ZONE 4-1 

ZONE 4-2 

ZONE 5 

ZONE 5-1 

ZONE 5-2 

ZONE 5-3 

VEHICLE ZONES 

S t a t i o n  124 t o  S t a t i o n - 1  - This zone includes t h e  area between 
t h e  f i r e w a l l  and t h e  e x i t  p lane of t h e  H - 1  eng ines .  The r e -  
movable and s t u b  f i n s  a r e  n o t  included.  They a re  covered i n  
Zone 4 .  

S t a t i o n  1 9 1  t o  S t a t i o n  124 - This  zone includes t h e  area be-  
tween t h e  bottom of t h e  c y l i n d r i c a l  p o r t i o n  of t h e  70-inch 
tanks and t h e  f i rewal l .  The removable and s t u b  f i n s  a r e  no t  
included.  They a re  covered i n  Zone 4 .  

S t a t i o n  246 t o  S t a t i o n  191  - This zone includes t h e  area be-  
tween t h e  p r o p e l l a n t  tank a f t  bulkheads and t h e  bottom of t h e  
c y l i n d r i c a l  p o r t i o n  of t h e  p r o p e l l a n t  t a n k s .  

S t a t i o n  246 t o  S t a t i o n  191 - This  zone includes t h e  area be- 
tween t h e  f u e l  tank a f t  bulkheads and t h e  bottom of t h e  cy- 
l i n d r i c a l  p o r t i o n  of t he  f u e l  t anks .  

S t a t i o n  235 t o  S t a t i o n  191 - This zone includes t h e  area be-  
tween t h e  70-inch-diameter l o x  tank a f t  bulkheads and t h e  
bottom o f  t h e  c y l i n d r i c a l  p o r t i o n  of t h e  lox  t anks .  

S t a t i o n  235 t o  S t a t i o n  191 - This  zone includes t h e  area 
between t h e  105-inch-diameter l o x  tank a f t  bulkhead and t h e  
bottom of t h e  c y l i n d r i c a l  p o r t i o n  of t h e  lox t ank .  

This  zone includes the  removable and s t u b  f i n s .  

This  zone includes the removable f i n s .  

This  zone includes the  s t u b  f i n s .  

S t a t i o n  914.05 t o  S t a t i o n  235 - This zone includes t h e  area 
between the  p rope l l an t  tanks a f t  and forward bulkheads.  

S t a t i o n  898.5 t o  S t a t i o n  246 - This  zone i n c l u d e s .  t h e  a r e a  
between t h e  f u e l  tank a f t  and forward bulkheads.  

S t a t i o n  914.05 t o  S t a t i o n  235 - This zone includes t h e  a r e a  
between t h e  70-inch-diameter lox tanks forward and a f t  
bulkheads.  

S t a t i o n  914.05 t o  S t a t i o n  235 - This  zone includes t h e  area 
between t h e  a f t  and forward bulkheads of t h e  c e n t e r  lox tank.  
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1 . 4  Cant'-' U 

ZONE 6 

ZONE 6-1 

ZONE 6-2 

ZONE 6-3 

ZONE 7 

ZONE 8 

ZONE 9 

ZONE 10 

ZONE 11 

ZONE 12 

ZONE 13 

S t a t i o n  939.06 t o  S t a t i o n  898.5 - This  zone inc ludes  t h e  a r e a  
between t h e  forward end of  t h e  p rope l l an t  tank bulkheads and 
t h e  forward end of t h e  c y l i n d r i c a l  pc:tion o f  t h e  p r o p e l l a n t  
tanks .  

S t a t i o n  935.4 t o  S t a t i o n  898.5 - This  zone inc ludes  t h e  a r e a  
between t h e  forward end o f  t h e  f u e l  tank bulkheads and t h e  
forward end o f  t h e  c y l i n d r i c a l  po r t ion  o f  t h e  f u e l  t anks .  

S t a t i o n  939.06 t o  S t a t i o n  914.05 - This  zone inc ludes  t h e  
a r e a  between t h e  end o f  t h e  70-inch-diameter l ox  tank forward 
bulkheads and t h e  forward end of  t h e  c y l i n d r i c a l  po r t ion  of  
t h e  lox t anks .  

S t a t i o n  939.06 t o  S t a t i o n  914.05 - This zone inc ludes  t h e  area 
between t h e  end of t h e  105-inch-diameter lox  tank forward 
bulkhead and t h e  forward end of t h e  c y l i n d r i c a l  po r t ion  o f  
t h e  lox  tank .  

S t a t i o n  962.304 t o  S t a t i o n  941.304 - This  zone inc ludes  t h e  
s p i d e r  beam. 

S t a t i o n  1146.693 t o  S t a t i o n  962.304 - This  zone inc ludes  t h e  
i n t e r n a l  and e x t e r n a l  a r e a s  of t h e  S - I V  a f t  i n t e r s t a g e  sec -  
t i o n  between t h e  top  of t h e  s p i d e r  beam and t h e  S- IV  separa-  
t i o n  plane.  

This  zone inc ludes  t h e  a r e a  between t h e  engine nozz le  e x i t  
p lane  and t h e  engine gimbal p lane .  

S t a t i o n  1066.600 t o  S t a t i o n  1146.693 - This  zone inc ludes  the  
a r e a  between t h e  engine gimbal plane and t h e  i n t e r s e c t i o n  of  
t h e  engine t h r u s t  s t r u c t u r e  wi th  t h e  lox  tank  a f t  bulkhead. 

S t a t i o n  1211.630 t o  S t a t i o n  1084.600 - This  zone inc ludes  the  
lox t ank  area between t h e  forward and a f t  bulkheads.  

S t a t i o n  1414.380 t o  S t a t i o n  1146.693 - This  zone inc ludes  the  
i n t e r n a l  LH, tank a r e a  between t h e  forward LH, s p h e r i c a l  L L -  
bulkhead ana t h e  i n t e r s e c t i o n  of t h e  engine t h r u s t  s t r u c t u r e  
wi th  t h e  a f t  common bulkhead. 

S t a t i o n  1304.38 t o  S t a t i o n  1146.693 - This  zone inc ludes  the  
e x t e r n a l  a r e a s  between t h e  S - I V  sepa ra t ion  plane and t h e  
i n t e r s e c t i o n  o f  t h e  forward i n t e r s t a g e  and t h e  forward LH2 
s p h e r i c a l  bulkhead. 
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1 . 4  Cont 'd 
ZONE 14 S t a t i o n  1459.596 t o  S t a t i o n  1304.38 - This  zone inc ludes  t h e  

a r e a  between t h e  i n t e r s e c t i o n  of t h e  forward S-IV i n t e r s t a g e  
and t h e  forward LH2 s p h e r i c a l  bulkhead and t h e  instrument  
u n i t  f i e l d  s p l i c e .  

ZONE 15 S t a t i o n  1517.596 t o  S t a t i o n  1459.596 - This  zone c o n s i s t s  of  
t h e  areas between t h e  instrument  uni t -payload  f i e l d  s p l i c e  
and t h e  instrument  uni t -  S - I V  f i e l d  s p l i c e .  

ZONE 16 S t a t i o n  2060.011 to  S t a t i o n  1517.596 - This  zone inc ludes  
t h e  a r e a s  forward o f  t h e  instrument  uni t -payload  f i e l d  s p l i c e .  
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2 . 1  INTRODUCTION 

This s e c t i o n  includes n a t u r a l  environmental  d a t a  f o r  use w i t h  
MSFC space v e h i c l e s  and a s soc ia t ed  ground support  equipment. 
values  apply t o  Sa tu rn  C - 1  Block I1 veh ic l e s , ‘  and launch complex 34 and 
37. 
S a t u r n  v e h i c l e  i s  intended t o  operate .  This  s e c t i o n  i s  adapted from 
MIL-STD-210AY “Climatic  Extremes f o r  M i l i t a r y  Equipment.” MIL-STD-210AY 
and a s soc ia t ed  s t anda rd  atmospheres should be used f o r  geographical  
a r e a s  not included i n  t h i s  document. 

These 

The d a t a  i s  a p p l i c a b l e  only f o r  t h e  geographic a r e a s  i n  which t h e  

2 . 1 . 1  Scope - The environmental  d a t a  presented i n  t h i s  s e c t i o n  is  
a p p l i c a b l e  f o r  a maximum a l t i t u d e  of 100 k i lome te r s  (328,000 f e e t ) .  
For a l t i t u d e s  above 100 k i l o m e t e r s ,  r e f e r  t o  t h e  ARDC Model Atmosphere. 
L a t e r  r e v i s i o n s  w i l l  include da ta  f o r  a l t i t u d e s  up t o  300 k i lome te r s  
(984,000 f e e t ) .  

less otherwise s t a t e d .  
A l l  va lues  i n  t h i s  s e c t i o n  a r e  probable  a b s o l u t e  extremes un- 

This  s e c t i o n  inc ludes  the fol lowing geographical  a r e a s :  

a .  

b .  

C .  

d .  

e .  

f .  

Hun t sv i l l e  , Alabama 

River t r a n s p o r t a t i o n  between H u n t s v i l l e ,  Alabama 
( v i a  Tennessee, Ohio, and M i s s i s s i p p i  R ive r s )  and 
New Orleans , Louisiana.  

New Orleans Michoud P l a n t ,  New Orleans, Louis iana and 
s t a t i c  t e s t  s i t e  a t  ad jacen t  M i s s i s s i p p i  a r e a .  

Gulf t r a n s p o r t a t i o n  between New Orleans,  Louisiana 
( v i a  Gulf of Mexico, and up east  c o a s t  of F l o r i d a )  
and Cape Canaveral, F l o r i d a .  

Panama Canal t r a n s p o r t a t i o n  between New Orleans,  
Louis iana and C a l i f o r n i a .  

A t l a n t i c  M i s s i l e  Range (AMR), Cape Canaveral ,  F l o r i d a .  

2 . 1 . 2  D e f i n i t i o n  of Terms 

- C a l m  - C a l m  i s  t h e  absence of apparent motion of a i r .  I f  t he  move- 
ment i s  l e s s  t han  0.45 m/sec (one mph), t h e  a i r  i s  considered calm. 

Dew Po in t  - Dew p o i n t  i s  the  temperature t o  which a i r  must be cooled 
a t  cons t an t  p re s su re  and constant  water-vapor con ten t  i n  o rde r  f o r  
s a t u r a t i o n  t o  occur .  Fu r the r  cool ing,  below t h e  dew p o i n t ,  normally 
r e s u l t s  i n  r e l e a s e  of water  i n  the form of dew, r a i n ,  o r  snow. 
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2 . 1 . 2  Cont'd 

Humidity, Absolute - Absolute humidity i s  t h e  m a s s  of water  vapor pre-  
s e n t  i n  a u n i t  volume, i . e . ,  the d e n s i t y  of t h e  water vapor c o n t e n t .  

Humidity, R e l a t i v e  - R e l a t i v e  humidity i s  the  r a t i o  of t he  a c t u a l  
amount of water vapor i n  a given volume t o  t h e  amount of water  vapor 
t h a t  t h e  same volume a t  t h e  same temperature would hold i f  s a t u r a t e d .  
Values given a r e  i n  pe rcen t .  

P r e c i p i t a t i o n  - P r e c i p i t a t i o n  includes a l l  forms of water p a r t i c l e s ,  
whether l i q u i d  or  s o l i d ,  t h a t  f a l l  from t h e  atmosphere and reach t h e  
ground, i . e . ,  d r i z z l e ,  r a i n ,  snow, h a i l ,  snow p e l l e t s  (g raupe l ) ,  snow 
g r a i n s ,  i c e  c r y s t a l s ,  and i c e  p e l l e t s  ( s l e e t ) .  

P re s su re ,  Atmospheric - Atmospheric p re s su re  i s  t h e  p r e s s u r e  exe r t ed  
by t h e  weight of a column of a i r . l y i n g  d i r e c t l y  above t h e  area i n  
ques t ion .  It i s  expressed a s  fo rce  p e r  u n i t  a r e a .  

Rad ia t ion ,  So la r  - Sola r  r a d i a t i o n  i s  t h e  t o t a l  e l ec t romagne t i c  
r a d i a t i o n  energy emit ted by t h e  sun. About 99.9 p e r c e n t  of t h i s  energy 
i s  w i t h i n  t h e  wave l e n g t h  i n t e r v a l  from 0.15 t o  4 . 0  microns.  About 
one h a l f  of t h e  t o t a l  energy i n  t h e  s o l a r  beam i s  contained w i t h i n  
t h e  v i s i b l e  spectrum (0 .4  t o  0.7 microns) .  Most of the remaining 
energy i s  i n  t h e  nea r  i n f r a r e d  (0.7 t o  4.0 microns) ,  w i t h  a s m a l l  por- 
t i o n  i n  t h e  u l t r a v i o l e t  spectrum (0.15 t o  0.4 microns) .  I n  g e n e r a l ,  
s o l a r  r a d i a t i o n  d a t a  inc ludes  d i f f u s e  sky r a d i a t i o n  (about 15 pe rcen t  
of t he  t o t a l  r a d i a t i o n )  measured on a h o r i z o n t a l  s u r f a c e .  So la r  r ad ia -  
t i o n  va lues  given i n  t h i s  document are i n t e n s i t i e s  of d i r e c t  s o l a r  
and d i f f u s e  sky r a d i a t i o n ,  measured on a s u r f a c e  normal t o  t h e  sun. 

- Snow - Snow inc ludes  a l l  forms of f r o z e n  p r e c i p i t a t i o n  except h a i l  
i . e . ,  snow, snow p e l l e t s ,  snow g r a i n s ,  i c e  c r y s t a l s  and i c e  p e l l e t s .  

Temperature, A i r  - The f r e e  a i r  temperature i s  measured under s tandard 
c o n d i t i o n s  of h e i g h t ,  v e n t i l a t i o n  and r a d i a t i o n  s h i e l d i n g ,  The a i r  
temperature  i s  normally measured w i t h  l i q u i d - i n - g l a s s  thermometers i n  
a louvered wooden s h e l t e r  painted white  i n s i d e  and o u t s i d e ,  w i t h  t h e  
base of t h e  s h e l t e r  normally a t  a he igh t  of f o u r  f e e t  above a c l o s e -  
cropped g r a s s  su r face  (Ref. 3 ,  p .  59) .  

Temperature, Rad ia t ion  - Radiat ion temperature i s  t h e  temperature of 
a r a d i a t i n g  black body determined by Wien's displacement l a w :  i . e . ,  

TR = W 
h a x  

where TR = Radiat ion Temperature i n  degrees  Kelvin 

w Wien's displacement cons t an t  = 0.2898 cm°K 
hmax = The wave l e n g t h  corresponding t o  t h e  maximum r a d i a t i o n  

energy. 
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2 . 1 . 2  Cont 'd  

Temperature, Surface - Surface temperature i s  t h e  temperature  t h a t  a 
s u r f a c e  w i l l  assume when exposed t o  a i r  temperature and s o l a r  r a d i a t i o n  
w i t h i n  t h e  wavelength i n t e r v a l  of 0 .15  t o  4.0 microns.  Su r face  t e m -  
p e r a t u r e  extremes depend on t h e  su r face  e m i s s i v i t y  and ang le  of t h e  
s u r f a c e  t o  the  l i n e  between t h e  su r face  and t h e  r a d i a t i o n  source such 
as the  sun or  sky. 

Water Vapor - Water vapor i s  water i n  t h e  gaseous s t a t e .  

Wind D i s t r i b u t i o n  wi th  Height - The power l a w  equa t ion  (Ref. 4 )  i s  
used t o  compute s t eady  s t a t e  and peak wind d i s t r i b u t i o n  wi th  h e i g h t .  

where: V1 i s  t he  wind speed a t  r e f e r e n c e  h e i g h t  Z 1  

V i s  t h e  wind speed a t  he igh t  Z 

p i s  a nondimensional q u a n t i t y  determined empi r i ca l ly .  

p = 0 . 2 0  when t h e  3 meter (9 .8  f e e t )  s t e a d y  s t a t e  wind 
is  l e s s  than 15 m/sec ( 3 3 . 5  mph) 

p = 0.17 when t h e  3 meter ( 9 . 8  f e e t )  s t e a d y  s t a t e  wind 
is  between 15  ( 3 3 . 5  mph) and 20 m/sec ( 4 4 . 7  mph) 

p = 0.15 when t h e  3 meter (9 .8  f e e t )  s t e a d y  s t a t e  wind 
i s  g r e a t e r  than 20 m/sec ( 4 4 . 7  mph) 

Wind, Peak - 
f a c t o r  of 1.4.  
i n  paragraph 2 . 4  resembles a sharp wedge wi th  a l i n e a r  i n c r e a s e  t o  t h e  
peak wind i n  two ( 2 )  seconds and then  l i n e a r  decay t o  t h e  s t eady  s t a t e  
va lue  i n  two ( 2 )  seconds. For the  lower wind c o n d i t i o n s  t h e  wedge has  
less ampli tude,  but t h e  same per iod.  

Peak wind i s  t h e  s teady s t a t e  wind m u l t i p l i e d  by a gus t  
The gus t  shape f o r  t h e  h i g h e s t  wind cond i t ions  given 

Wind, Maximum Peak - Maximum peak wind i s  the  h i g h e s t  wind expected 
inc lud ing  hu r r i cane  or s eve re  thunderstorm c o n d i t i o n s .  Since t h e  wind 
d i s t r i b u t i o n  wi th  he igh t  does not apply f o r  extreme wind c o n d i t i o n s ,  
t h i s  wind w i l l  be the same over t h e  e n t i r e  a l t i t u d e  range. 

Winds, Steady S t a t e  - A s t eady  s t a t e  wind i s  t h e  average wind speed over 
a per iod of one (1) minute. This i s  t h e  b a s i c  d a t a  normally recorded 
a t  weather s t a t i o n s  with cup-type or p r o p e l l e r - t y p e  anemometers. Data 
f o r  s t eady  s t a t e  winds i n  t h i s  r e p o r t  do not i nc lude  hu r r i cane  o r  s eve re  
thunderstorm ( s q u a l l )  cond i t ions .  
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2 .1 .3  Conversion of Units  

So la r  Radia t ion  I n t e n s i t y  - One gram c a l o r i e  per square  cen t ime te r  
(gm cal/cm2) equa l s  64.82 w a t t s  per  squa re  f o o t  ( w a t t s / f t 2 )  equa l s  
2 2 1 . 2  BTU/ f t 2hr .  

Absolute  Humidity - One gram pe r  cub ic  meter (gm/m3) equa l s  0.4370 
g r a i n s  per  cubic  f o o t  ( g r / f t 3 ) .  

Wind Speed - One meter per second (m/sec) equals  2.24 m i l e s  per  hour 
(mph) equals  1 .94  kno t s .  

Atmospheric P res su re  - One 

inch  ( l b / i n 2 )  equals  10.2 kilograms per  square  meter (kg/m2). 

i l l i b a r  (mb) equa l s  1 . 0  x l o3  dynes pe r  
square  cen t ime te r  (dynes/cm Y ) equals  1 .45 x 10 - 2  pounds per  square  
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2 . 2  TEMPERATURE 

2 . 2 . 1  Ground Temperature 

2 . 2 . 1 . 1  Probable Hot Thermal Extremes - Exposure of a space v e h i c l e  
t o  a h igh  a i r  temperature without. incoming s o l a r  r a d i a t i o n  w i l l  cause 
t h e  v e h i c l e  t o  assume a temperature less than t h e  a i r  temperature  be- 
cause of r a d i a t i o n  l o s s e s .  The combination of s o l a r  r a d i a t i o n  and a 
h igh  a i r  temperature w i l l  cause the space v e h i c l e  s k i n  temperature  t o  
exceed t h e  a i r  temperature.  The temperature reached w i l l  be a f u n c t i o n  
of t h e  s u r f a c e  e m i s s i v i t y  ( su r face  c o l o r ) .  The da rke r  t h e  c o l o r ,  t h e  
h ighe r  t he  temperature.  

Temperatures measured close t o  the  e a r t h ’ s  s u r f a c e  a r e  consider-  
a b l y  h ighe r  on a c l e a r  day wi th  the sun nea r  i t s  z e n i t h  t h a n  t h e  co r -  
responding s t anda rd  a i r  temperature (Ref. 6 ) .  The h e a t i n g  e f f e c t  w i l l  
be h i g h e s t  on a su r face  t h a t  i s  normal t o  t h e  sun. 

Hot thermal extremes are given as a combination of temperature 

The d a t a  
and s o l a r  r a d i a t i o n  i n t e n s i t y  normal t o  a s u r f a c e  (about 15% h ighe r  
than  t o t a l  i n t e n s i t y  values  given i n  MIL-STD-210A Ref. 1). 
i s  a s  follows: 

a .  H u n t s v i l l e ,  r iver t r a n s p o r t a t i o n ,  Panama Canal and 

P a c i f i c  Missile Range a r e a s .  

A twenty four  (24) hour cycle  of a i r  temperature and s o l a r  r a d i a -  
t i o n  must be considered ( f i g .  2 . 1 ,  p. 2-9) t h a t  s tar ts  wi th  10 hours of 
a i r  temperature  a t  29OC (85OF) with no s o l a r  r a d i a t i o n ,  followed by 
f i v e  (5)  hours of l i n e a r l y  inc reas ing  a i r  temperature t o  46°C (115°F) 
w i t h  t h e  s o l a r  r a d i a t i o n  i n t e n s i t y  i n c r e a s i n g  as follows: 

(1) One (1) hour of l i n e a r l y  i n c r e a s i n g  i n t e n s i t y  from 
0 t o  1.20 gram cal/cm2 (265 BTU/ftZhr). 

(2)  Two (2) hours of l i n e a r l y  i n c r e a s i n g  i n t e n s i t y  from 
1 .20  gm cal/cm2 (265 BTU/ft2hr) t o  1.6 gm cal/cm2 
(354 BTU/ft*hr). 

(3) Two (2)  hours of l i n e a r l y  i n c r e a s i n g  i n t e n s i t y  from 
1.6 gm cal/cm2 (354 BTU/ft2hr) t o  1.85 gm c a l / c m 2  
(409 BTU/ftzhr). 

Then cons ide r  four  (4)  hours of cons t an t  cond i t ions  a t  t h e  max- 
imum a i r  temperature and s o l a r  r a d i a t i o n  i n t e n s i t y .  F i n a l l y  cons ide r  
f i v e  (5) hours of l i n e a r l y  decreasing a i r  temperature t o  29°C (85°F) 
and s o l a r  r a d i a t i o n  i n t e n s i t y  decreasing i n  r e v e r s e  order  as given i n  
a ( 3 ) ,  a (2)  and a (1) above to  zero (0)  i n t e n s i t y .  The s t eady  s t a t e  
wind speed from t h e  s u r f a c e  to  10 meters  (32.8 f t . )  should be taken 
as  1 m/se.c ( 2 . 2  mph) t o  3 m/sec ( 6 . 8  mph) f o r  t he  24 hour pe r iod .  
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2.2.1.1 Cont'd 

b. New Orleans, Gulf transportation and Atlantic Missile 
Range Areas. 

A twenty four (24) hour cycle of air temperature and solar radia- 
tion must be considered (fig. 2.2, p. 2-10) that starts with 10 hours of 
air temperature at 24°C (75°F) with no solar radiation, followed by 
five (5) hours of linearly increasing air temperature to 41°C (106°F) 
with the solar radiation intensity increasing as follows: 

(1) One (1) hour of linearly increasing intensity from 
0 to 1.1 gm cal/cm2 (243 BTU/ft2hr),. 

(2) Two (2) hours of linearly increasing intensity from 
1.1 gm cal/cm2 (243 BTU/ft2hr) to 1.5 gm cal/cm2 
(332 BTU/ft2hr). 

(3 )  Two (2) hours of linearly increasing intensity 
from 1.5 gm cal/cm2 (332 BTU/ft2hr) to 1 . 6  gm cal/cm2 
(354 BTU/ft*hr). 

Then consider four (4) hours of constant conditions at the maximum 
air temperature and solar radiation intensity. Finally consider five (5) 
hours of linearly decreasing air temperature to 24°C (75°F) and solar 
radiation intensity decreasing in reverse order as given in b ( 3 ) ,  
b (2), and b (1) above to 0 intensity. The steady state wind speed 
from the surface to 10 meters (33 ft) should be taken as 1 m/sec 
(2.2 mph) to 3 m/sec (6.8 mph) for the 24 hour period. 

2.2.1.2 Probable Cold Thermal Extreme - The actual surface temperature 
that an object will assume when exposed to c o l d  extremes will be a value 
between the actual air temperature and the radiation temperature of the 
sky. The minimum air temperature and the radiation sky temperature are 
given be 1 ow: 

a. Huntsville and river transportation areas 

Air temperature 

Sky radiation temperature 

Wind 

Duration 

b. New Orleans area 

Air temperature 

Sky radiation temperature 

-26°C (-15°F) 

-40°C (-40°F) 

calm 

24 hours 

- 12 "C ( + l o  "F) 

-26°C (-15°F) 
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2 . 2 . 1 . 2  Cont 'd 

C .  

Wind ca I m  

Dura t ion  24 hours 

Gulf t r a n s p o r t a t i o n ,  A t l a n t i c  Missile Range, Panama 
Canal t r a n s p o r t a t  ion and P a c i f i c  Missile Range area 

A i r  temperature -9°C (+16"F) 

Sky r a d i a t i o n  temperature -23°C (-10°F) 

Wind calm 

Duration 24 hours 

2 . 2 . 1 . 3  Thermal Shock - Maximum expected thermal shock f o r  a l l  areas 
i s  a 10°C (18'F) 
c r e a s e  i n  s o l a r  r a d i a t i o n  i n t e n s i t y  from 0.5 gm cal/cm2 (111 BTU/ft2hr) 
t o  1.85 gm cal/cm2 (409 BTU/ft2hr) 
place du r ing  one hour ,  i . e . ,  a 10°C (18°F) decrease i n  a i r  temperature  
and a dec rease  i n  s o l a r  r a d i a t i o n  i n t e n s i t y  from 1.85 gm cal/cm2 
(409 BTU/ftZhr) t o  0 .5  gm cal/cm2 (111 BTU/ft*hr). 

i n c r e a s e  of a i r  temperature  i n  one hour and a n  i n -  

. S i m i l a r l y ,  t h e  r e v e r s e  change t akes  

2 .2 .2  Temperature a t  A l t i t u d e  - The d i v i s i o n  of  thermal extremes a t  
a l t i t u d e  i n t o  h o t ,  co ld  and thermal shock, would be a n  a r t i f i c i a l  
d i v i s i o n  t h a t  would n o t  s e r v e  any d e f i n i t e  purpose.  The information 
given below when used wi th  t h e  v e h i c l e  f l i g h t  c h a r a c t e r i s t i c s  w i l l  g i v e  
t h e  r e q u i r e d  thermal extremes. References 1 7  and 18 c o n t a i n  t h e  c u r -  
r e n t  a c c e p t a b l e  information on median, maximum and v i r t u a l  temperatures  
V i r t u a l  temperature  are  used f o r  all speed o f  sound computations and 
f o r  any computations where a mixture  o f  moist  and dry a i r  is  involved.  

So la r  r a d i a t i o n  environment w i l l  depend on t h e  t i m e  and l o c a l  
cond i t ions  a t  launch. The s o l a r  r a d i a t i o n  w i l l  vary w i t h  h e i g h t  i n  
accordance w i t h  t h e  fol lowing equat ion:  

= Is + (2 .0  - IS+ 

where: IH = I n t e n s i t y  of s o l a r  
a t  r equ i r ed  h e i g h t  

Is = I n t e n s i t y  of  s o l a r  
a t  e a r t h ' s  s u r f a c e  
c l e a r  c o n d i t i o n s .  
from para. 2 . 2 . 1 .  

-"") 
0 . 1 2 1  

r a d i a t i o n  normal t o  s u r c a c e  
i n  gm cal/cm2 

r a d i a t i o n  normal t o  s u r f a c e  
i n  gm cal/cm2 assuming 
Values f o r  Is can b e  used 

pH = Atmospheric d e n s i t y  a t  r e q u i r e d  h e i g h t  i n  kp  
sec2/m4 (see Ref. 1 7 ,  Table 111, PP. 23-29) '  
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2 . 2 . 2  Cont'd 

This equat ion i s  v a l i d  when t h e  v e h i c l e  i s  exposed t o  s o l a r  
r a d i a t i o n  without  atmospheric clouds ( i . e . ,  when i t  r eaches  a h e i g h t  
g r e a t e r  t han  t h e  t o p  of e x i s t i n g  c l o u d s ) ,  and while  t h e  v e h i c l e  i s  nea r  
t h e  e a r t h .  

The above equa t ion  does no t  cons ide r  t he  a d d i t i o n a l  s o l a r  
r a d i a t i o n  t h a t  may be r e f l e c t e d  or r a d i a t e d  from the  e a r t h  or  o t h e r  
p l a n e t s .  The t o t a l  r e f l e c t e d  and r a d i a t e d  r a d i a t i o n  could i n  c e r t a i n  
c a s e s  be equa l  t o  one and one-half t i m e s  IH. 
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2.3  ATMOSPHERIC PRESSURES 

Maximum 
Average 
Minimum 

Mean sea level pressure is 1 ,013 .25  millibars ( 1 4 . 6 9  psi). 
Extreme surface atmospheric pressures and the corresponding elevations 
that these pressures represent at standard atmospheric conditions, are 
given below, These values are actual station pressures and are not 
reduced to mean sea level. 

Pressure Elevation with Standard 
Atmospheric Conditions 
(height from mean sea level) 

mb psi meters feet 

1016 14 .73  - 2 1  - 69 
988 1 4 . 3 3  202 663 
948 1 3 . 7 5  532 1745 

a. Huntsville area 

Maximum 
Average 
Minimum 

Pres sure Elevation with Standard 
Atmospheric Conditions 
(height from mean sea level) 

mb psi meters feet 

1041 15.1 -215 - 705 
1000 1 4 . 5  106 348 

9 oo* 1 3 . 1  948 3 109 

b. River Transportation areas 

Pres sure Elevation with Standard 

c .  New Orleans, AMR, PMR, Panama Canal Transportation and 
Gulf Transportation areas 

1 5 . 1  
1 4 . 6 9  

. 1 3 . 1  

~ ~~ 

-215 - 705 
0 0 

948 3109 

P- 
Maximum 
Average 

Atmospheric Conditions 
(height from mean sea level) 
meters 

1041  
1013 

I Min imum I 9 009: 
;kDur ing hurricane conditions 
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2 . 3  Cont’d 

References 1 7  and 18 c o n t a i n  t h e  c u r r e n t  a c c e p t a b l e  informa- 
t i o n  on median, maximum and minimum pres su res  wi th  r e s p e c t  t o  h e i g h t .  

2- 1 2  



2.4 WINDS 

2 . 4 . 1  Ground Winds 

m/ sec  

56 

ATLANTIC MISSILE RANGE AREA 
99.9% PROBABILITY LEVEL 

mPh 

125  

Above 
Ground 

Steady S t a t e  
Wind 

m/sec mph 

16 .8  37.6 
20.6 4 6 . 1  
23.2 51 .9  
24 .8  55 .5  
28.0 62 .6  
30 .5  68 .2  
32.7 7 3 . 1  

6 0  
100 
150  

Peak 
Wind 

m/sec 

23.5 
28.8 
32.5 
34 .7  
39 .2  
42 .7  
4 5 . 8  

f t  

9 .8 
32.8 
65 .6  
9 8 . 4  

19 7 

49 2 
32 a 

Steady S t a t e  
Wind 

m/sec 

11 .8  
1 5 . 0  
17 .3  
18.7 
21.. 5 
23.8 
25.8 

mPh 
2 6 . 4  
33.6 
38 .7  
4 1 . 9  
4 8 . 2  
5 3 . 3  
5 7 . 8  

Peak 
Wind 

m/ sec  

1 6 . 5  
21.0 
24.2 
26 .2  
3 0 . 1  
33.3 
3 6 . 1  

mPh 
37 .O 
47 .O 
54.2 
58.7 
6 7 . 3  
74 .5  
8 0 . 8  

Maximum 
Peak Wind 

Height 
Above 
Ground 

6 5 . 6  
98 .4  

196.8 

A 
LEVEL 

Maximum 
Peak Wind 

mPh m/sec mPh 
52.6 
64 .4  
72 .7  
77 .6  
87 .5  
95 .5  

102.5 57 128 

87 .5  
95 .5  

102.5 
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2.4.2 Winds a t  A l t i t u d e s  0 
FIGURE 2 . 3  

NINETY F I V E  PERCENT PROBABILITY OF OCCURRENCE WIND SPEED 
ALTITUDE PROFILE ENVELOPE 

(KM) CAPE CANAVERAL, FLORIDA 
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0 FIGURE 2.4  
NINETY N I N E  PRECENT PROBABILITY OF OCCURRENCE WIND SPEED 

PROFILE ENVELOPE 
CAPE CANAVERAL , FLORIDA 

ALTITUDE 
(KM) % 
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10 

0 
0 20 40 60 80 100 120 140 160 180 

WIND SPEED (M/SEC) 
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FIGURE 2 . 5  
NINETY NINE PERCENT PROBABILITY O F  OCCURRENCE 

VERTICAL WIND SHEAR SPECTRUM A S  FUNCTION OF 
ALTITUDE AND SCALE-OF-DISTANCE FOR ASSOCIATION 
WITH THE NINETY-FIVE PERCENT WIND SPEED P R O F I L E  

ENVELOPE FOR CAPE CANAVERAL, FLORIDA 

A I  

0 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 
WIND SHEAR (e) (sec-l) 
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FIGURE 2 .6  
NINETY N I N E  PERCENT PROBABILITY OF OCCURRENCE 

VERTICAL WIND SPEED CHANGE SPECTRUM AS FUNCTION 

WITH THE NINETY-FIVE PERCENT WIND SPEED PROFILE 
ENVELOPE 

OF ALTITUDE AND SCALE-OF-DISTANCE ASSOCIATED 

E E 6 6  
0 0 0 0  
0 0 0 0  
0 0 0 0  
N cc) d r n  
II II II I1 

40 
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2.5 ABRASION 

P a r t i c l e s  c a r r i e d  by t h e  wind w i l l  cause s c r a t c h e s ,  a b r a s i o n  
or  e r o s i o n  on exposed s u r f a c e s ,  remove p a i n t ,  and p i t  t r a n s p a r e n t  s u r -  
f a c e s .  This  damage occurs whenever t h e  hardness  of t h e  p a r t i c l e s  i s  
equa l  t o  or g r e a t e r  than t h e  exposed s u r f a c e .  

2 . 5 . 1  Sand and Dust. - L a r g e  sand and d u s t  pa r t i c l e s  w i l l  only occur 
i n  t h e  atmosphere during per iods of dry weather and low humid i t i e s .  
S m a l l  p a r t i c l e s  below 0.002 nun i n  diameter  are common a t  any t i m e  nea r  
or over land s u r f a c e s ,  P a r t i c l e s  i n  t h e  atmosphere over t h e  sea w i l l  
c o n s i s t  almost e n t i r e l y  of s a l t  p a r t i c l e s .  
f o r  sand and d u s t  are as follows: 

Extreme va lues  expected 

a .  P a r t i c l e  S i z e  

(1) Sand p a r t i c l e s  are between 0.01 and 1.0 mm i n  d i a -  
meter. A t  l e a s t  90 pe rcen t  of t h e s e  p a r t i c l e s  are 
between 0.015 and 0.30 mm i n  diameter .  

(2)  Dust p a r t i c l e s  are between 0.0001 and 0 .01  mm i n  
diameter .  A t  l e a s t  90 pe rcen t  are between 0.0005 
and 0.002 mm i n  diameter .  

b. Hardness and Shape 

More than  50 pe rcen t  of the sand and d u s t  p a r t i c l e s  have hard-  
nes s  of a t  l e a s t  7 MOHS scale of hardness  (Ref. 1 2 ,  p. 95). These 
p a r t i c l e s  are angular  i n  shape. 

c .  Number of P a r t i c l e s  and D i s t r i b u t i o n  

(1) Sand - With 15 m/sec (33.6 mph) s t eady  s t a t e  wind 
speed and r e l a t i v e  humidity under 30 p e r c e n t ,  t h e r e  
would be 0.02 gram /cm3 (1.25 l b / f t 3 )  suspended i n  
t h e  atmosphere. Under t h e s e  c o n d i t i o n s ,  10 pe rcen t  
of t he  sand g r a i n s  w i l l  be between 0.02 m e t e r  (.07 f t )  
and one meter (3.28 f t )  above t h e  ground, t h e  r e -  
maining 90 percent below 0.02 m e t e r  (.07 f t ) .  

(2)  Dust - With 15 m/sec (33.6 mph) s t eady  s t a t e  wind 
speed and r e l a t i v e  humidity under 30 p e r c e n t ,  t h e r e  
would be 6 x 
iform wi th  height  above the  ground. 

D i s t r i b u t i o n  i s  un- gram/cm 3 . 

Since only small  p a r t i c l e s  of d u s t  ( l e s s  t han  0.002 mm i n  d i a -  
meter)  w i l l  be i n  t h e  atmosphere above 400 meters (1312 f t ) ,  only s u r -  
f a c e  environment sand and dus t  w i l l  be of importance i n  ab ras ion .  
During f l i g h t ,  t h e  v e h i c l e  w i l l  be exposed t o  t h i s  environment f o r  such 
a small  t i m e  d u r a t i o n  t h a t  no de t r imen ta l  e f f e c t s  should r e s u l t .  
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2.5.2 Snow and Hail - Snow and hail particles are sometimes hard 
enough to cause abrasion. Hardness, particle size, associated wind 
speed, and air temperature for the Huntsville, river transportation and 
New Orleans areas are as follows: 

0 
-20 
-40 

Snow particles with a hardness of 1-1/2 to 4 MOHS scale of hard- 
ness (Ref. 13) are 1 to 3 mm in diameter. Steady state wind speed is 
15 m/sec (33.6 mph) and the air temperature is -18°C (O'F), except at 
New Orleans where the air temperature is -9°C (+16"F). 

i 32 2 
- 4  3 

-40 4 

Hail particles with a hardness of 1-1/2 to 4 MOHS scale of hard- 
ness are greater than 3 mm in diameter. Steady state wind speed is 
15 m/sec (33.6 mph) and the air temperature is +lO"C (+50"F). 

-60 

Snow and hail particles can cause more severe abrasion damage 
at higher altitudes than at the surface since the hardness of the 
particles increases with lower temperatures (Ref. 13). Approximate 
hardness of snow and hail particles with respect to temperature is as 
follows : 

- 76 5 

Temperature I Hardness 
OC I O F  (MOHS, Scale of Hardness) 
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2.6 HUMIDITY 

2.6.1 Probable Humidity Extremes at Ground Level 

High Humidity - The following paragraphs present the weight of water 
vapor per unit volume,associated temperatures and relative humidities. 

a. Huntsville, river transportation and Pacific Missile 
Range Area: 

A simulated twenty four (24) hour cycle of water vapor in the 
atmosphere with a 5 m/sec (11.2 mph) steady state wind shall be made 
as follows: 

(1) Six (6) hours of 46°C (115°F) air temperature at 
50 percent (absolute humidity of 35 grams/m3 
(15.3 grains/ft3)). 

(2) Six (6) hours of decreasing air temperature to 
33°C (91°F) and increasing relative humidity to 
100 percent. 

(3) Eight (8) hours of decreasing air temperature to 
30°C (86°F) with a release of 4 grams of water per 
cubic meter (1.7 grains/ft3). 

(4) Four (4) hours of increasing air temperature to 
45°C (113°F) and decreasing relative humidity to 
45 percent (see figure 2.7, p. 2-22). 

b. New Orleans, Gulf transportation, Atlantic Missile Range 
and Panama Canal transportation areas. 

A simulated twenty four (24) hour cycle of water vapor in the 
atmosphere with a 5 m/sec (11.2 mph) steady state wind shall be made 
as follows: 

(1) Six (6) hours of 41°C (106°F) air temperature at 
65 percent relative humidity (absolute humidity of 
35 grams/m3 (15.3 grains/ft3)). 

(2) Six (6) hours of decreasing air temperature to 
33°C (91°F) and increasing relative humidity to 
100 percent. 

(3) Eight (8) hours of decreasing air temperature to 
27°C (81°F) with a release of 10 grams of water per 
cubic meter (4 .4  grains/ft3). 

a 
2-20 



2 . 6 . 1  Cont 'd 

( 4 )  Four ( 4 )  hours of i n c r e a s i n g  a i r  temperature  to, 
41°C (106°F) and dec reas ing  r e l a t i v e  humidity t o  
50 percent  (see f i g u r e  2.8, p. 2-23). 

2.6.2 Probable Humidity a t  A l t i t ude  - Reference 1 7  con ta ins  t h e  
c u r r e n t  acceptab le  information for  median humidity va lues  wi th  r e s p e c t  
t o  he igh t .  High humidity values should be taken  as 100 percent  
r e l a t i v e  humidity up t o  approximately 15 k i lome te r s  (49,200 f t . )  

2-21 
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2 . 7  PRECIPITATION 

-~ 

1 min. 
5 min. 
1 hour 

12 hours 
24 hours 

2 . 7 . 1  Probable Extreme P r e c i p i t a t i o n  A t  Ground Level 

mm/hr i n / h r  

300 12 
150 6 
50 2 
15 0 . 6  
12.5 0 .5  

Rain - The fo l lowing  paragraphs present  informat  ion on r a i n f a l l  i n -  
t ens  i t  ies and t h e  d i s t r i b u t i o n  of t h e s e  i n t e n s  i t  i e s  during a 24-hour 
pe r iod .  An a i r  temperature  between 21°C (7OOF) ( n i g h t )  and 32OC 
(90°F) (day) can be assumed. (Refs. 1, 6 ,  7 ,  8, 9 ,  and 10) 

a .  H u n t s v i l l e  and A t l a n t i c  Miss i le  Range 

1 
mm 

5 
12 .5  
50 

180 
300 

(1) Expected Extreme Rates 

inches 

0.2 
0.5 
2 
7 . 1  

1 2  

T i m e  Maximum 
Period 

mm inches 

180 7 . 1  

12.5 0.5 

mm/hr 

12 hours 15 

5 minutes  150 

(2) Expected Extreme Dis t r ibu t ion  

5 

102.55c 

0.2 1 minute  3 00 

4.0* 12 hours  8 .5  

I Rate I Time I I T o t a l  Amount 

i n / h r  I 
0 .6  

6 

1 2  

0.34 

>\Peak wind speed 20 m/sec (44.7 mph) during t h i s  pe r iod .  
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2.7.1 Cont'd 

Time 
P e r  iod 

1 min. 
5 min. 
1 hour 

~:2 E:: 

b .  River T ranspor t a t ion  and New Orleans Areas 

A 

Expected Values 
Maximum T o t a l  Accumulation 

Rate f o r  Period 
mm/hr i n / h r  m inches 

38 0 15 6.3 0.25 
190 7.5 16 0.6 
95 3.7 95 3.7 
20 0.8 240 9.4 
16 0.6 380 15 

12 hours 

5 minutes 

1 minute 

12 hours 

20 0.8 

190 7.5 

380 15 

9.8 0.39 

inches 

T i m e  
Period 

1 min. 
5 min. 
1 hour 

12 hours 
24 hours 

9.4 

0.6 

0.25 

4.60* 

Expected Values 
Maximum T o t a l  Accumulation 

mm/hr i n / h r  mm inches 

Rate f o r  Period 

900 35.4 15 0.6 
450 18 38 1 
225 9 225 9 
45 1.8 540 21 
38 1.5 9 00 35.4 

T i m e  Rate I 
I mm/hr I i n / h r  
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Length 
of 

Period 

1 min. 
5 min. 
1 hour 

12  hours 
2 4  hours 

2 . 7 . 1  Cont 'd 

Expected Values 

Maximum Total Accumulation 
R a t e  f o r  Period 

m/ h r  i n / h r  mm inches 

1800 7 1  30 1 . 2  
9 00 35.4 75  3 
4 5 0  18 450 18 

90 3 . 5  1080 4 2 . 5  
7 5  3 1800 7 1  

( 2 )  Expected Extreme D i s t r i b u t i o n  

*Peak wind speed 20 m/sec (44.7 mph) during t h i s  pe r iod  

d .  Panama Canal T ranspor t a t ion  Area 

(1) Expected Extreme Rates 

,kPeak wind speed 20 m/sec (44 .7  mph) during t h i s  pe r iod  
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2 . 7 . 1  Cont 'd 

- Snow - Snow w i l l  have t h e  following environmental  e f f e c t s  on equipment: 

The accumulation of snow r e s u l t s  i n  s t r e s s e s  p ropor t iona l  t o  the  weight  
of snow accumulated.  For f l a t  h o r i z o n t a l  s u r f a c e s ,  t h e  weight is  pro-  
p o r t i o n a l  t o  t h e  amount of  snow d i r e c t l y  above t h e  s u r f a c e .  
narrow o b j e c t s  l ay ing  above a f l a t  s u r f a c e  ( t h a t  can accumulate snow), 
t h e  s t ress  i s  approximately equal t o  t h e  weight of  a wedge of  snow 
wi th  t h e  sharp  edge a long  the  ob jec t  and extending above the  o b j e c t  
i n  both d i r e c t i o n s  a t  about  45O to  t h e  v e r t i c a l .  The weight of  new 
f a l l e n  snow v a r i e s  between 2 kg/m2 (1.04 p s f . )  and 0 .5  kg/m2 (0.26 p s f . )  
p e r  cen t imeter  ( inch )  of  depth .  The weight of snow on t h e  ground 
s e v e r a l  days a f t e r  f a l l i n g  w i l l  be between 3 kg/m2 (1 .56  p s f . )  and 
6 kg/m2 (3.12 p s f . )  p e r  cent imeter  ( inch)  of depth.  

For long 

Extreme snow loads a r e  as fol lows:  

(1) H u n t s v i l l e  and River Transpor ta t ion  a r e a s .  

For h o r i z o n t a l  su r f aces  2 .5  kg/m2 (0 .51  p s f . )  per 24 hour period 
t o  a maximum of 7 kg/m2 (1.43 p s f . )  i n  t h r e e  consecut ive  24-hour 
pe r iods ,  i f  snow is no t  c l e a r e d  during s torm.  

(2)  New Orleans Area 

For h o r i z o n t a l  s u r f a c e s ,  1 kg/m2 (0 .2  p s f . )  per  24 hour pe r iod .  

P a r t i c l e  s i z e  and a s s o c i a t e d  wind and a i r  temperatures  a r e  as fo l lows:  

H u n t s v i l l e ,  River Transpor ta t ion  and New Orleans Area: 

Snow p a r t i c l e s  1 t o  3 mm diameter;  wind, 20 m/sec (44 .7  mph),tempera- 
t u r e  -18OC (OOF), except a t  New Orleans where t h e  t e m p e r a t u r e  is 
- 9 ° C  (16°F). 

H a i l  - H a i l  is  formed i n  extremely w e l l  developed thunderstorms dur ing  
w a r m  weather and r a r e l y  occurs  in  win te r  months o r  when t h e  a i r  tempera- 
t u r e  is  below O°C (32OF). H a i l  s t ones  l a r g e r  than 1 2 . 5  mm i n  diameter 
f r equen t ly  occur ,  whi le  s tones  50 mm i n  diameter can be  expected 
somewhere i n  t h e  United S t a t e s  every yea r .  

H a i l  has  a much h igher  dens i ty  than snow and has  a weight of  about  
2.4 kg/m2(1.25 p s f . )  per cm (inch) of  depth.  
i s  4 kg/m2 (0.82 p s f . )  
pe r iod  f o r  a l l  geographical  l o c a l i t i e s  n o r t h  of 200 N l a t i t u d e .  

Extreme load from h a i l  
on a ho r i zon ta l  s u r f a c e  during one 24-hour 

The a c t u a l  des igna t ion  of  a r e a s  where h a i l  storms wi th  s p e c i f i c  
s i z e s  of  h a i l  w i l l  occur i s  d i f f i c u l t .  A s  a guide t o  t h e  engineer ,  
t h e  fo l lowing  information should be  u s e f u l .  The need f o r  p r o t e c t i o n  
of space veh ic l e s  i s  g r e a t e s t  during May through September, and whi le  
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t h e  veh ic l e s  a r e  be ing  t r anspor t ed  from H u n t s v i l l e  t o  New Orleans o r  
Cape Canaveral  areas.  

For geographical  l o c a l i t i e s  n o r t h  of 25' nor th  l a t i t u d e ,  h a i l  
s tones  o f  c e r t a i n  s izes  have t h e  fo l lowing  expectancy of  occurrence 
during a one year  per iod:  

- 
3,280 
6,560 
9 ,840  

13,120 
16 ,400  
19 ,680  
2 2 ,  960 
26,240 
29,520 
32,800 and 
over 

H a i l  Stone 
Diameter mm 

1 2 . 5  o r  l a r g e r  
25 o r  l a r g e r  
50 o r  l a r g e r  
7 5  o r  l a r g e r  

Percent  Time of Expected 
Occurrence (Annua 1 ) 

0 .1  
0 . 0 4  
0 .02  
0 . 0 0 6  

2 . 7 . 2  Probable Extreme P r e c i p i t a t i o n  a t  A l t i t u d e  

Rain - The d i s t r i b u t i o n  of  maximum r a i n f a l l  rates wi th  a l t i t u d e  com- 
pared t o  t h e  s u r f a c e  rates is a s  fol lows (Ref. 6 ) :  

A l t i t i  
km 

Ground Level 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 and 
over 

Surface  Rate 
(percent  o f )  

100 
90 
7 5  
57 
34 
1 5  

7 
2 
1 
0 . 1  
0 

2-28 



2 . 7 . 2  Cont 'd 

A l t i t u d e  
km f e e t  

2 6 ,560  
3 . 5  11,480 
5. 16 , 400  
6 19 , 680 
8 26,240 

I c ing  can b e  expected t o  occur i n  p r e c i p i t a t i o n  type  clouds when 
t h e  temperature  i s  +2OC (+35.6OF) and lower.  
t hese  condi t ions  usua l ly  occur between 4 km ( 1 3 , 1 2 0  f t )  and 10 km 
( 3 2 , 8 0 0  f t )  a l t i t u d e .  

For t h e  a r e a s  cons idered ,  

Occurrence o f  H a i l  
(percent  of f l i g h t s )  

0 
3 

10 
4 
3 

H a i l  - The p r o b a b i l i t y  of h a i l  wi th  a l t i t u d e  inc reases  from t h e  s u r -  
f a c e  t o  5.0 km (16 ,400  f t )  and then decreases  r a p i d l y  w i t h  inc reas ing  
h e i g h t .  
h a i l  was encountered a t  var ious  a l t i t u d e s  during a i r c r a f t  f l i g h t s  
through thunderstorms (Ref. 2 3 ,  p .  4 8 )  is  as fol lows:  

Dala from F lo r ida  thunderstorms g i v i n g  t h e  number of t imes 
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2.8 CORROSION AND CONTAMINATION 

2 .8 .1  
p a r t i c l e s  and d r o p l e t s  of s a l t  some d i s t a n c e  be fo re  they  se t t le  out 
on t h e  surrounding t e r r i t o r y .  This s a l t  laden atmosphere i s  gen- 
e r a l l y  concen t r a t ed  a t  d i s t a n c e s  less than  f i v e  t o  t e n  m i l e s  i n l and .  
However, t h i s  c o n d i t i o n  varies cons ide rab ly  wi th  c l imate ,  wind 
v e l o c i t y  and d i r e c t i o n ,  and has been observed a t  times as much a s 1 6 1  km 
(100 m i l e s )  i n l and .  

S a l t  Spray - Wind blowing Over sea waves d r i v e s  microscopic  

2.8.2 Fungi and Bacteria - Fungi, i nc lud ing  molds, and b a c t e r i a  have 
t h e  h ighes t  ra te  of growth a t  temperatures between 20°C (68°F) and 
38°C (100°F) and r e l a t i v e  humid i t i e s  between 75 and 95 pe rcen t  
(Ref. 16) .  Damage from fung i  and b a c t e r i a  can occur t o  organic  
materials,  p l a s t i c s ,  g l a s s ,  p a i n t s  and metals .  The re fo re ,  proper  
fungus proofing measures are r equ i r ed  a t  t h e  fol lowing l o c a l i t i e s :  

a .  River T ranspor t a t ion  Area 

b. New Orleans Area 

c .  Gulf T r a n s p o r t a t i o n  Area 

d. Panama Canal T ranspor t a t ion  Area 

e.  A t l a n t i c  Missile Range Area, Cape Canaveral ,  F l o r i d a  
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2.9  ATMOSPHERIC ELECTRICITY 

2 . 9 . 1  
damage t o  space v e h i c l e  no t  proper ly  p ro tec t ed  i n  e i t h e r  of three ways 
(a )  by d i r e c t  l i g h t n i n g  s t r i k e ,  (b) by induced c u r r e n t  from a l i g h t -  
n ing  s t r i k e  through a nearby objec t  o r ,  (c)  by a charge induced by near -  
by charged c louds .  An average l i g h t n i n g  s t r o k e  reaches  a peak c u r r e n t  
s t r e n g t h  of about 10,000 amperes, whi le  some exceed 100,000 amperes, 
(Ref. 14 and 15) .  
a c e r t a i n  a r e a .  
l i g h t n i n g  through reg ions  of the ob jec t  where l i t t l e  or  no damage w i l l  
occur .  The fol lowing g ives  the  mean number of days per  yea r  of thunder- 
s torm occurrence: 

Thunderstorm E l e c t r i c i t y  - Thunderstorm e l e c t r i c i t y  can cause 

It is  not  f e a s i b l e  t o  prevent  l i g h t n i n g  from s t r i k i n g  
Therefore  an objec t  must be p ro tec t ed  by d i v e r t i n g  the  

Location Thunderstorm Occurrence 
(mean no. of  days per y r )  

H u n t s v i l l e  Area 

River T ranspor t a t ion  Area 

New Orleans Area 

Gulf T ranspor t a t ion  Area 

A t l a n t i c  Missile Range Area, 
Cape Canaveral ,  F l a .  

Panama Canal T ranspor t a t ion  Area 

P a c i f i c  M i s s i l e  Range Area, P t .  Mugu, C a l i f .  

60 

80 

80 

90 

90 

100 

5 

90 

100 

5 

2 .9 .2  S t a t i c  E l e c t r i c i t y  - S t a t i c  e l e c t r i c i t y  can r e s u l t  i n  a charge 
of  e l e c t r i c i t y  by motion of t h e  ob jec t  through a i r  conta in ing  dus t  o r  
snow p a r t i c l e s .  Such a charge w i l l  b u i l d  up  u n t i l  a p o t e n t i a l  i s  
reached s u f f i c i e n t l y  high t o  br idge  an a i r  gap t o  t h e  ground. This 
type  of  charge may be  prevented by grounding a l l  m e t a l l i c  
p a r t s .  Such a d ischarge  w i l l  occur more f r equen t ly  during per iods  
of low humidi t ies  an.d can be  expected t o  occur a t  a l l  l o c a t i o n s  
concerned.  
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2.10 ATMOSPHERIC DENSITY 

The d e n s i t y  v a r i a t i o n  of t h e  atmosphere, a t  t h e  s u r f a c e ,  i s  so 
small  t h a t  it has no environmental  e f f e c t  on p r e f l i g h t  ope ra t ions .  

The d e n s i t y  of t h e  atmosphere changes r a p i d l y  wi th  h e i g h t .  The 
d e n s i t y  a t  7 ki lometers(22,960 f t )  i s  only one h a l f  t h e  d e n s i t y  a t  t h e  
s u r f  ace.  

References 1 7 ,  18 and 21 summarize t h e  c u r r e n t  accep tab le  informa- 
t i o n  on average,  maximum, and minimum d e n s i t i e s  w i th  r e s p e c t  t o  h e i g h t .  
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3 . 1  INTRODUCTION 

This  s e c t i o n  c o n s i s t s  o f  the d e t a i l e d  breakdown of t h e  induced 
environmental c r i t e r i a .  For the manufacturing, s t o r a g e  and t r a n s -  
p o r t a t i o n  phases of t h e  Saturn v e h i c l e ,  t h e  a p p l i c a b l e  environmental  
da t a  i s  p re sen ted  f o r  each ind iv idua l  s t a g e  and is  r e p r e s e n t a t i v e  of 
t h e  environment t h e  e n t i r e  s t a g e  w i l l  experience.  

For t h e  t e s t ,  launch and f l i g h t  phases,  t h e  a p p l i c a b l e  d a t a  i s  
p re sen ted  on a more d e t a i l e d  b a s i s .  Each s t a g e  has been a s s igned  an 
a r b i t r a r y  zone breakdown. Detai led environmental  d a t a  f o r  t h e s e  
s p e c i f i c  zones i s  l i s t e d .  

Applicable m i l i t a r y  s p e c i f i c a t i o n s  t h a t  can be used as a guide 
i n  t h e  design of v e h i c l e  components t o  minimize t h e  problems of 
e l e c t r i c a l  i n t e r f e r e n c e ,  explosive cond i t ions  and co r ros ion  are  r e -  
ferenced i n  paragraphs given below. Because of i t s  gene ra l  n a t u r e ,  
t h i s  information i s  a p p l i c a b l e  t o  a l l  phases of v e h i c l e  l i f e  l i s t e d  
i n  t h i s  s e c t i o n .  

3.1.1 E l e c t r i c a l  I n t e r f e r e n c e  - I n t e r f e r e n c e  is  any e l e c t r i c a l  o r  
e lectromagnet ic  d i s tu rbance ,  phenomenon, s i g n a l  o r  emission,  manmade 
o r  n a t u r a l ,  which causes  o r  can cause undesired response,  malfunct ion-  
ing o r  degradat ion of performance of e l e c t r i c a l  and e l e c t r o n i c  
equipment . 
References: 

MIL-E - 6 05 1 C 

E l e c t r i c a l  - E l e c t r o n i c  System Compatibi l i ty  and I n t e r f e r e n c e  
Control  Requirements f o r  Aeronautical  Weapon Systems, Associated 
Subsystems and A i r c r a f t  

MIL- I- 2 6 600 (US AF ) 

I n t e r f e r e n c e  Control Requirements, Aeronaut ical  Equipment 

MIL-I-6181D 

I n t e r f e r e n c e  Control Requirements , A i r c r a f t  Equipment 
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3 . 1 . 2  Explosive Conditions - When t h e  design o r  a p p l i c a t i o n  of  
e l e c t r i c a l  equipment c a l l s  f o r  the i n s t a l l a t i o n  of  s a i d  equipment i n  
l o c a t i o n s  where exp los ive  fumes may be generated,  a l l  d e t a i l s  of  t h e  
design s h a l l  minimize t h e  p o s s i b i l i t y  o f  exp los ion .  Th i s  can be 
accomplished by providing e l e c t r i c a l  bonding, s t a t i c  d i scha rges  o r  
explosion - proof housings as  necessary f o r  c o n t a c t  p o i n t s ,  switches 
and r o t a t i n g  e l e c t r i c a l  equipment t o  prevent  a r c i n g  o r  spa rks  from 
any cause .  

References : 

U. S .  A .  F. S p e c i f i c a t i o n  B u l l e t i n  #106A 

General Environmental Cr i te r ia  f o r  Guided Missile Weapon Sys t e m s  

Marshal l  Drawing 10M01071 

Procedure f o r  Environmental P ro tec t ion  When Using E l e c t r i c a l  Equip- 
ment Within t h e  Areas o f  Saturn Complexes Where Hazardous Areas 
Ex is  t 

3.1.3 Corrosion - Corrosion i s  t h e  most s e r i o u s  r e s u l t  o f  exposure 
t o  high humidity c o n d i t i o n s .  Unprotected metals such as n u t s ,  b o l t s ,  
screws, e t c .  a r e  most s u s c e p t i b l e  t o  co r ros ion .  Galvanic  c o r r o s i o n  
r e s u l t i n g  from c o n t a c t  o f  d i s s i m i l a r  materials t akes  p l a c e  a t  a 
r a p i d  r a t e  i n  t h e  presence o f  moi s tu re .  To minimize t h i s  problem, 
c o n s i d e r a t i o n  should b e  given i n  t h e  design o f  v e h i c l e  components t o  
p rov ide  p r o t e c t i v e  coa t ings  o r  minimize t h e  u s e  o f  d i s s i m i l a r  con- 
t a c t i n g  materials.  Reference to  the m i l i t a r y  s p e c i f i c a t i o n s  l i s t e d  
below should be h e l p f u l  i n  e l imina t ing  p o s s i b l e  sources  o f  co r ros ion .  

References : 

MFSC-STD- 181 
MIL-STD-17 1 
MIL - STD - 186 

3.1.4 Vib ra t ion  - The f a i l u r e  mechanism whether s t r u c t u r a l  f a i l u r e  
o r  equipment, may b e  caused by t h e  v e h i c l e  v i b r a t o r y  r e sponses .  The 
responses  a r e  d iv ided  i n t o  two p r i n c i p a l  t y p e s .  

a .  T rans i en t  V ib ra t ions  

Trans i en t  v i b r a t i o n s  a r e  p resen t  only f o r  s h o r t  pe r iods  of  t i m e .  
They are  r e l a t i v e l y  high i n  magnitude. These s e v e r e  v i b r a t i o n s  
normally occur during s t a g e  i g n i t i o n ,  v e h i c l e  l i f t o f f ,  c u t o f f  , and 
s e p a r a t i o n .  In  gene ra l ,  t h e  t r a n s i e n t  v i b r a t i o n s  do n o t  exceed 
e i g h t  (8) seconds.  
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3.1.4 Cont 'd  

b .  Steady State Vibra t ion  

Steady s t a t e  v i b r a t i o n s  a r e  present  f o r  r e l a t i v e l y  long per iods  o f  
t i m e .  I n  gene ra l ,  they are cha rac t e r i zed  by cons t an t  v i b r a t i o n  magni- 
t udes .  These l e v e l s  occur  during t h e  t es t  and f l i g h t  phases and are 
p resen t  f o r  t h e  major po r t ion  o f  engine burn ing  time. 

References:  

M-S&M-SD-311 dated  Sept .  13, 1961. An t i c ipa t ed  Vibra t ion  and 
Acoust ic  Levels f o r  t h e  Sa turn  C - 1  F l i g h t  Vehicle  

M-S&M-SD-343 dated  October.  9 ,  1961 Sa turn  C - 1  Vehicle  Shock, V ib ra t ion  
and Acoust ic  Environmental Criteria.  

3.1.5 Acoust ics  - The a c o u s t i c  environment i s  of  primary importance be-  
cause  o f  i t s  adve r se  e f f e c t  on s t r u c t u r e s  and components. The l o c a l  
v i b r a t i o n a l  energy developed i n  the  v e h i c l e  s t r u c t u r e s  i s  absorbed 
p r imar i ly  from t h e  a c o u s t i c  environment. This  environment i s  de r ived  
from t h e  rocke t  engine exhaust  gases and t h e  t u r b u l e n t  a i r f l o w  over t h e  
e x t e r i o r  v e h i c l e  s u r f a c e s  dur ing  atmospheric  f l i g h t .  

The s t r u c t u r e s  and components ac t  as mechanical f i l t e r s  because 
of  t h e i r  frequency dependent c h a r a c t e r i s t i c s .  Hence i t  i s  necessary t o  
d e f i n e  t h e  frequency c h a r a c t e r i s t i c s  of t h e  a c o u s t i c  f i e l d  as w e l l  as 
t h e  magnitude. The c h a r a c t e r i s t i c s  were i n v e s t i g a t e d  f o r  a v a r i e t y  
o f  v e h i c l e  condi t ions  e . g . ,  s t a t i c  f i r i n g  t e s t s ,  p r e - l i f t o f f  on pad 
cond i t ions  and in f  l i g h t  condi t ions .  
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3 . 2  S - I  STAGE 

Shock 

Vibra t ion 

Ac c e 1 e r a  t ion 

Acoustics 

Temperature 

No da ta  a v a i l a b l e  f o r  t hese  phases a t  t h i s  time. 
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3 . 3  S- IV STAGE 
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3 . 4  INSTRUMENT UNIT 

Shock 

Vibra t ion 

r Acc e l  e r a  t ion 

Manufacture Storage Transpor t a t ion  

N o  da t a  a v a i l a b l e  f o r  t h e s e  phases a t  t h i s  t ime.  
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3.5 ZONE 1 

3.5.1 TEST PHASE 

Shock 

Vibra t i o n  

Acoustics 

~ 

Conipar tmeii t 
Tempera tur e 

150 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-43 cps at 0.45 inch D . A .  
43-84 cps at 32 g peak 
84-119 cps at 0.09 inch D . A .  
119-2000 cps,at 65 g peak 

See Figurek"3.1 and 3.2 

STEADY STATE 

16-43 cps at 0.23 inch D . A .  
43-84 cps at 16 g peak 
84-119 cps at 0.05  inch D.A. 
119-2000 cps at 32.5 g peak 

- A  

Area below heat shield: no data available 
Area between heat shield and firewall + 40°F t o  + 75°F. 
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ZONE 1 

3.5.2 LAUNCH PHASE 

Shock 

Vibra t ion 

Acous t ic s 

Skin 
Temperature 

Compartment 
Temperature 

150 g for 8 milliseconds - half sine pulse 

TRANSIENT 
16-43 cps at 0.45 inch D.A. 
43-84 cps at 32 g peak 
84-119 cps at 0.09 inch D.A. 
119-2000 cps at 65 g peak 

See figures. 3.1 and 3.2 

~~ ~ 

No data available 

Area &elGw heat shield: 90°F maximum 
Are; between heat-shield and firewall +40"F to + 75°F. 
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ZONE 1 

3.5.3 FLIGHT, PHASE I 
Shock 150 g for 8 milliseconds - half sine pulse 

Vibration TRANSIENT 

16-43 cps at 0.45 inch D!A. 
43-84 cps at 32 g peak 
84-119 cps at 0.09 inch D.A. 
119-2000 cps at 65 g peak 

STEADY STATE 

16-43 cps at 0.23 inch D.A. 
43-84 cps at 16 g peak 
84-119 cps at 0.05 inch D.A. 
119-2000 cps at 32.5 g peak 

Acceleration 
I 

Maximum lift-off acceleration 1.39 g 
Maximum longitudinal acceleration 6.59 g 

3-9  

Acous tics 

Skin 
Tem~eraLure 

Compartment 
Temperature 

See figuKes 3;1 and 3.2 

Outboard engine shroud (0.04 SSplus 0.4 in, X-258): 

Cylindrical surface near fin roDt: + 470°F maximum. 
Cylindrical surface not influenced by €ins: + 280°F maximum. 

Area below heat shield: 
Area between heat shield and firewall: + 40°F t o 1  + 200°F. 

+ 7 7 0 0 ~  maximum, 

no data available. 



3.6 ZONE 2 

3 .6 .1  TEST PHASE 

Shock 

iribra t ion 

k O U S  t i C 8  

:ompar t m e n  t 
Cempera t u r e  

1 

100 g f o r  8 mi l l i seconds  - ha l f  s i n e  pu l se  

-~ 

TRANSIENT 

16-28 cps a t  0.35 inch D.A. 
28-100 cps a t  15 g peak 
100-189 cps  a t  0.029 inch  D.A. 
189-2000 cpsl  a t  52 g peak 

STEADY STATE 

16-28 cps a t  0.18 inch D.A. 
28-100 cps a t  7.5 g peak 
100-189 cps a t  0.015 inch  D.A. 
189-2000 cps  a t  26 g peak 

See Figure  3.2 and 3.3 

O"F--+ 10°F c e n t e r  zlox b a r r e l  
20°F k 10°F o u t s i d e  of c e n t e r  b a r r e l  
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a 
ZONE 2 

3.6.2 LAUNCH PHASE 

Shock 

Vibra t ion 

Acous t ic s 

Skin 
Temperature 

~~ ~~ 

Compartment 
Temperature 

100 g f o r  8 mi l l i seconds  - h a l f  s i n e  pu l se  

TRANSIENT 

16-28 cps a t  0.35 inch D . A .  
28-100 cps  a t  15 g peak 
100-189 cps  a t  0.029 inch  D.A.  
189-2000 cps  a t  52 g peak 

See f i g u r e s  3.2 and 3 . 3  

+ 80°F maximum 

O"F+ 10°F c e n t e r  Lox b a r r e l  
20"Ff 10°F o u t s i d e  of c e n t e r  b a r r e l  
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a 

ZONE 2 

3.6.3 FLIGHT PHASE 

100 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-28 cps at 0.35 inch D.A. 
28-100 cps at 15 g peak 
100-189 cps at 0.029 inch D . A  
189-2000 cps at 52 g peak 

Maximum lift-off acceleration 

STEADY STATE 

16-28 cps at 0.18 inch D.A, 
28-100 cps at 7.5 g peak 
100-189 cps at 0.015 inch D.A, 
189-2000 cps at 26 g peak 

1 . 3 9  g 
Maximum longitudinal acceleration 6.59 g 

See figures 3.2 and 3.3 

No data available 

- -~ 

+ 40°F to 4- 200°F outside of center,Lox.barrel 
0°F f 10°F in center Lox barrel 
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~ 

Shock 

70 inch  Lox Tank Center  Lox Tank 
- 80°F. 5 30°F 0°F f 10°F 

c 

70 inch  Fuel  Tank 
i- 20°F f 10°F 

Vibration 

Acous t i c s  

Zompar tmen t 
lempera t u r e  

100 g f o r  8 mi l l i seponds  - ha l f  s i n e  pu l se  

- 
TRANSIENT 

16-28 cps  a t  0.35 inch D.A.  
28-100 cps  a t  15 g peak 
100-189 cps  a t  0.029 inch  D.A 
189-2000 cps' a t  5 2  g peak 

~- 

See Figures  3 . 3  and 3 . 4  

STEADY STATE 

16-28 c p s  a t  0.18 inch  D.A.  
28-100 cps  a t  7.5 g peak 
100-189 cps  a t  0.015 inch  D.A 
189-2000 cps  a t  26 g peak 



-~ 

ZONE 3 

3.7.2 LAUNCH PHASE 

70-inch Lox Tank 105-inch Lox Tank 
-80°F _+ 30°F 0°F 10°F 

Shock 

70-inch Fuel Tank 
+ 20°F rL. 10°F 

Vibra t ion 

Acous t IC 8 

Skin 
Temperature 

Compartment 
Temperature 

100 g for 8 milliseconds - half sine pulse 

TRANSIENT 
16-28 cps at 0.35 inch D.A. 
28-100 cps at 15 g peak 
100-189 cps at 0.029 inch D.A. 
189-2000 cps at 52 g peak 

See figures 3.3 and 3.4 

No data available 



a 

70-inch Lox Tanks 105-inch Lox Tank 
-110°F to + 130°F 0°F f 10°F 

ZONE 3 

3.7.3 FLIGHT PHASE 

70-inch Fuel Tanks 

-k 10°F to + 160°F 

Shock 

Vibration 

Ac ce lera t ion 

- 
Acoustics 

~~ ~. 

Skin I 

Tempera l u r e  

Compil r t m e n  t 
Tc!n:perai. tire 

100 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-28 cps at 0.35 inch D.A. 
28-100 cps at 15 g peak 
100-189 cps at 0.029 inch D.A, 
189-2000 cps at 52 g peak 

STEADY STATE 

16-28 cps at 0.18 inch D,A. 
28-100 cps at 7.5 g peak 
100-189 cps at 0,015 inch DA, 
189-2000 cps a,t 26 g peak 

Maximum lift-off acceleration 1.39 g 
Maximum longitudinal acceleration 6.59 g 

- ~~ 

See figures 3.3 and 3.4 

30" fairing + 230°F maximum. 
(0.040" al. covered-with 0,03" Thermoloy] 
Bottom propellant tank skirts 9 97°F maxfmm. 

I 
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3 . 8  ZONE 4 

3 . 8 . 1  TEST PHASE 

Shock 

Vibra t ion 

Acous t ic s 

Zompar tment 
rempera ture 

_ _  _ 
150  g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-43 cps,at 0.45 inch D.A. 
43-84 cps at 32  g peak 
84-119 cps at 0.09 inch D.A. 
119-2000 cps 'at 65 g peak 

STEADY STATE 

16-43 cps at 0.23 inch D.A. 
43-84 cps at 16 g peak 
84-119 cps at 0.05 inch D.A. 
119-2000 cps at 32.5 g peak 

See Figures 3 . 2 ,  3 .3  and 3 . 4  

Not applicable 
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ZONE 4 

3 . 8 . 2  LAUNCH PHASE 

Shock 

Vibra t ion 

Acous t IC 8 

Skin 
Temper a t u r  e 

Compartment 
Temperature 

150 g f o r  8 mil l i seconds  - ha l f  s i n e  p u l s e  

TRANSIENT 

16-43 cps  a t  0.45 inch D.A. 
43-84 cps  a t  32 g peak 
84-119 cps  a t  0.09 inch D.A. 
119-2000 cps  a t  6 5  g peak 

See f i g u r e s  3 . 2 ,  3 . 3  and 3 . 4  

No d a t a  a v a i l a b l e  

Not a p p l i c a b l e  
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a 

0 

ZONE 4 

3.8.3 FLIGHT PHASE 

- 

Shock 

Vibration 

-~ ~ ~ 

Ac ce lera t ion 

Acoustics 

S k i n  
Tempera 1 ure 

Conipar t m c n  t 
Tempera Lure 

150 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-43 cps at 0.45 inch D.A. 
43-84 cps at 32 g peak 
84-119 CPS at 0.09 inch D.A. 
119-2000 cps at 65 g peak 

STEADY STATE 

16-43 cps at 0.23 inch D . A .  
43-84 cps at 16 g peak 
84-119 cps at 0.05 inch D.A. 
119-2000 cps at 32.5 g peak 

Maximum lift-off acceleration 1.39 g 
Maximum longitudinal acceleration 6.59 g 

See figures 3.2, 3.3 and 3.4 

- ~~ 

Leading edge of fin surface (uninsulated solid steel) i- 1890" 
maximum .: 
Aluminum skin under 0.04 inch Thermoloy + 445°F maximum. 

Not app 1 ic ab le 
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3.9 ZONE 5 

3.9.1 TEST PHASE 

Fuel Tanks 
( int erna 1) 

Shock 

Area Between 
Propellant Tanks 

Vibration 

hcous t i c s  

2ompar tmen t 
rempera ture 

65 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-35 cps at 0.35 inch D.A. 
35-2000 cps at 22 g peak 

See Figures 3.4, 3.5, 3.6, 

STEADY STATE I 
16-35 cps at 0.18 inch D.A. 
35-2000 cps at 11 g peak 

r .  Lox Tanks 
(internal) 

-297 OF to -285 OF 

NOTE : 
GOX Enters C? + 250°F 
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a 

a 

' Lox Tank 
- 80°F to - 297°F 

ZONE 5 

3.9.2 LAUNCH PHASE 

Fuel Tank 
+ 35°F to + 90°F 

Jibra t ion 

70-inch Lox Tanks 105-inch Lox Tank 
(internal) (internal) 

- 285°F to - 297°F - 285°F to - 297°F 

Acous t ic 8 

70-inch Fuel Tank: 
(internal) 

+ 35°F to -> 90°F 

Skin 
Temperature 

Compar tmen t 
Temperature 

65 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-35 cps at 0.35 inch D . A .  
35-2000 cps at 22 g peak 

See figures 3 . 4 ,  3.5, 3.6, 3.7, and 3.8 
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r 

ZONE 5 

3.9.3 FLIGHT PHASE 

Shock 

Vibra t ion  

~~~~ ~ 

Ac ce ler a t ion 

TRANSIENT 

I 

STEADY STATE 

Compar t m e n  I: 
Tcm pe r a t tire 

16-35 cps at 0.35 inch D.A. 
35-2000 cps at 22 g peak 

I 

16-35 cps at 0.18 inch D.A. 
35-2000 cps at 11 g peak 

~ 

65 g for 8 milliseconds - half sine pulse 

70-inch Lox Tanks 105-inch Lox Tank 
(internal) (internal) 

-297°F to - 285°F -297°F to - 285°F 
t 

I 

70-inch Fuel Tanks 
(internal) 

+35"F to i- 100°F 

I 

Maximum lift-off acceleration 1.39 g 
Maximum longitudinal acceleration 6.59 g 

~ 

See figures 3.4, 3.5, 3.6, 3.7, and 3.8 
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3.10 ZONE 6 

3.10.1 TEST PHASE 

Shock 

G r a  t ion 

Acoustics 

Compartment 
Temper n t ur e 

65 g f o r  8 mi l l i seconds  - hal f  s i n e  p u l s e  

TRANSIENT 

16-35 cps  a t  0.35 inch D.A. 
35-2000 cps  a t  22 g peak 

See Figure  3.8 

-~ 

STEADY STATE 

16-35 cps  a t  0.18 inch  D.A. 
35-2000 cps  at 11 g peak 

~ 

kbove 70" Lox Tanks Above 105" Lox Tank. Above Fuel  Tanks 
*P-1 & F-2 F-3 5CF-4 

-10°F t o  +60"F - 10°F to + 60°F +55 "I? t o  +20v  t c  

I 

* The inptrument u n i t s  a r e  contained i n  f u e l  tanks  1 and 2 .  
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ZONE 6 

.10.2 LAUNCH PHASE 

+ 53°F to + 20°F t 
+ 65°F + 80°F .I '- 

;hock 

ilibra t ion 

Acoustics 

Skin 
Temperature 

Compartment 
Temperature 

~~~ 

65 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-35 cps at 0.35 inch D.A. 
35-2000 cps at 22 g peak 

See figure 3.8 

No data available 

Above 70-inch 
Lox Tank 

- 10°F to + 60'1 

Above 105-inch 
Lox Tank 

- 10°F to + 60°F 

Above 70-inch 
Fuel Tanks 
*F-1 & 21 F-3 & 4 

*The instrument units are contained in fuel tanks 1 and 2. 
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ZONE 6 

. l o .  3 FLIGHT PHASE 

16-35 cps  a t  0.35 inch D.A, 
35-2000 cps a t  22 g peak 

Shock 

16-35 cps  a t  0.18 inch  D . A .  
35-2000 cps  a t  11 g peak 

Vibra t ion 

Lox Tank 

: - l o ° F  t o  + 100°F 

~ ~~ 

Accelera t ion  

Lox Tank Fuel  T( 
F-1 & 2 

-10°F t o  3. 60°F Max 

Acoust ics  

Skin 
Temperature 

Cornpar tmcn t 
Temper a t 11 re 

~ 

65 g f o r  8 mil l i s econds  - h a l f  s i n e  p u l s e  

TRANSIENT I STEADY STATE 

Maximum l i f t - o f f  a c c e l e r a t i o n  1.39 g 
Maximum l o n g i t u d i n a l  a c c e l e r a t i o n  6.59 g 

See f i g u r e  3 . 8  

Top s k i r t  of Lox tank 
Top s k i r t  of h e l t a n k  

+ 110°F maximum 
+ 230°F maximum 

-~ - 

Above 70-inch ~ 1 Above 105-inch [ Above 70-inch 

+I37 OF 

Ik 
F-3 & 4 "; 

+ 20°F t o  
+250"F 1 

! 
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0 

a 

3.11 ZONE 7 

3.11.1 TEST PHASE 

Shock 

Vibra t ion  

Acous t i cs  

Compar tmen t 
r emp e r  a t u r  e 

65 g f o r  8 mil l i s econds  - ha l f  s i n e  pu l se  

TRANSIENT 

16-35 cps a t  0.35 inch D . A .  
35-2000 cps a t  22 g peak 

STEADY STATE 

16-35 cps a t  0.18 inch  D . A .  
35-2000 cps  a t  11 g peak 

I 

See f i g u r e s  3 . 8  and 3 . 9  

~~~ 

No d a t a  a v a i l a b l e  
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a 

0 

ZONE 7 

.11.2 LAUNCH PHASE 

~ 

Shock 

ilibra t ion 

~. ~ 

Acous t i c y  

Skin 
Temperature 

Compartment 
Temperature 

55 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-35 cps at 0.35 inch D.A. 
35-2000 cps at 22 g peak 

See figures 3.8 and 3.9 

No data available 

Not applicable 
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ZONE 7 

) . 1 1 . 3  FLIGHT PHASE 

Maximum longitudinal acceleration 6 .59  g 
Maximum lift-off acceleration 1.39 g 

Shock 

Aluminum skin of 45" fairing (0.046" al. covered with 0.04" 
IThermol-oy T-230) +230"F maximum 

Vibration 

NOTE: Sp-ider beam i s  exposed to Lox during S-IV stage 
chill-down period. 

Acce lera t ion 

A c o u s t i c s  

S k i n  
Tempera Lure 

65 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-35 cps at 0.35  inch D.A. 
35-2000 cps at 22 g peak 

STEADY STATE 

16-35 cps at 0.18 inch D.A. 
35-2000 cps at 11 g peak 

See figures 3 . 8  and 3 . 9  
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3.12 ZONE 8 

3 . 1 2 . 1  TEST PHASE 

Shock 

~ 

l ibrat ion 

lcous t i c s  

:ompar tmen e 
Cempera ture 

65 g for 8 mil l iseconds - half  s i n e  pulse 

TRANSIENT 

16-35 cps a t  0 . 3 5  inch D . A .  
35-2000 c p s  a t  22 g peak 

N o  data avai lable  

STEADY STATE 

16-35 c p s  a t  0.18 inch D . A .  
35-2000 cps  a t  11 g peak 

N o  data lrvailable 
I 
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ZONE 8 

.12.2 LAUNCH PHASE 

Outer 
Maximum Minimum 
+160 OF -10°F 

Shock 

Inner 
Maximum Minimum 
+120"F -10°F 

iJibra t ion 

Skin 
Temperature 

Compartment 
Temperature 

~ ~~ 

35 g for 8 milliseconds - half sine pulse 

~~ ~ 

TRANSIENT 
16 - 35 cps at 0.35 inch D.A. 
35 - 2000 cps at 22g peak 

See figures 3.9 and 3.10 



ZONE 8 

3.12.3 FLIGHT PHASE 

TRANSIENT 

L6-35 cps at 0.35 inch D . A .  
35-2000 cps at 22 g peak 

55 g for 8 milliseconds - half sine pulse 

STEADY STATE 

16-35 cps at 0.18 inch D.A.  
35-2000 cps at 11 g peak 

Outer 
!4aximum Mininun 

+255 "F -10°F 

See figures 3 . 9  and 3.10 

Inner 
Maximum Minimum 

+215 "F -10°F 

~ 
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3.13  ZONE 9 

3 .13  .lTEST PHASE 

~~ 

Shock 

Vibration 

Acoue t i ce  

Zompar tmen t 
rempera ture 

No data ava i lab le  

No data ava i lab le  

No data a v a d b l e  

1 

No data ava i lab le  
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ZONE 9 

1.13.2 LAUNCH PHASE 

: 

Shock 

~ _ _  
Vibra t ion 

Skin 
Temperature 

Compar tmen t 
Temperature 

35 g for 8 milliseconds - half sine pulse 

TRANSIENT 

20-55 cps at 5 g peak 
55-110 cps at 0.03 inch D.A. 
110-2000 cps at 20 g peak 

See figures 3.9 and 3.10 

+ 

Not applicgble 

+ 35'F to + 60'F - air conditioned 



Temp era I: u r  e r- 
Compar tmcn t 
Tcmpera ture 

- 

80 g f o r  8 milliseconds - h a l f  s i n e  pu l se  

TRANSIENT STEADY Ss1AT.E 

16-40 cps a t  0 .33 inch D.A. 
40-100 cps a t  27 g peak 
100-114 cps  a t  0.053 i n .  D . A .  100-114 cps a t  0.027 i n .  D.A. 
114-2000 cps  a t  35 g peak 

16-40 cps  a t  0.17 inch  D.A, 
40-100 cps a t  13.5 g peak 

114-2000 cps  a t  17.5 g peak 

S-I s t a g e  
Maximum l ong i tud ina l  a c c e l e r a t i o n  6.59 g 
S-IV s t a g e  
Maximum LoFgitudinal a c c e l e r a t i o n  5.44 g 

See f i g u r e s  3.9 and 3.10 

Not a p p l i c a b l e  

No d a t a  a v a i l a b l e  

* Values given are for S-IV Stage ignition and poweTtd flight 
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ZONE 10 

3.14.1 TEST RIASE 

Shock 

~ ~~ 

l i b r a t i o n  

:ompar tmeii t 
lempera t u r e  

No d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  
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a 

Outer 
Maximum Minimum 

+160°F -40 "F 

ZONE 10 

.14.2 LAUNCH PHASE 

Inner  
Maximum Minimum 

+120"F -40 ''F 

Shock 

iribra t ion 

Acous t i c  s 

Skin 
Temperature 

Com p a r  t m e  n t: 
Temperature 

35 g f o r  8 mil l i seconds  - ha l f  s i n e  pu l se  

TRANSIENT 

20-55 cps  a t  5 g peak 
55-110 cps  a t  0.03 inch D . A .  
llO-$OOO cps a t  20 g peak 

See f i g u r e s  3.9 and 3.10 
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ZONE 10 

, 1 4 . 3  FLIGHT PHASE 

16-42 cps at 2 g peak 
42-95 cps at 0.022 inch D . A .  
95-2000 cps at LO g peak 

Shock+ 

16-42 cps at 1 g peak 
42-95 cps at 0.011 inch D . A .  
95-2000 cps at 5 g peak 

Vibration * 

Outer 
Maximum Minimum 

+135 OF +135 "F 

Ac ce lera t i o n  

Inner 
Maximum Minimum 

-40 OF -40 O F  

Skin 
Tempera L u r e  

- 
Coinpar tmcn t 
Tcmpera ture 

35 g for 8 milliseconds - half sine pulse 

TRANSIENT I STEADY STATE 

I 

S-I stage 
Maximum longitudinal acceleration 6.59 g 
S-IV stage 
Maximum longitudinal acceleration 5 .44  g 

See figures 3.9 and 3 .10  

No data available 

*Values given are S-S? stage ignition and powered flight 
- .~- - .  

3-36 



3.15 ZONE 11 

3.15.1 TEST PHASE 

Shock 

Vibra t ion  

Acoustics 

Eompar t m e i i  t 
kmpera  t u r e  

No d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  

N o  d a t a  a v a i l a b l e  

~ 

No d a t a  ava idab le  



ZONE 11 

1.15.2 LAUNCH PHASE 

Lox Dome Tank 
Outer Inner 

Max Min Max Min 
+160"F -297°F +120"F -297°F 

Shock 

Common Bulkhead 
Outer Inner  

Max Min Max Min 
+120"F +120"F -297 OF 

Vibra t ion 

Acoustics 

Skin 
rempera t u r e  

Cornpar cment 
Temperature 

35 g f o r  8 mil l i seconds  - ha l f  s i n e  pulse  

TRANSIENT 

20-55 cps a t  5 g peak 
55-110 cps a t  0.03 inch D . A .  
110-2000 cps a t  20 g peak 

See f i g u r e  3.10 
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ZONE 11 

3.15.3 PLIGHT PHASE 

Shock# 

Vibrat  io$ 

Ac ce l e r a  t i o n  

Acoust ics  

S k i n  
Temp e r a  L: u r  e 

Compar tment 
Tcmpe r a t u r  e 

35 g f o r  8 mil l i seocnds  - ha l f  s i n e  pu l se  

TRANSIENT 

16-42 cps a t  2 g peak 
42-95 cps a t  0.022 inch D.A 
95-2000 cps  a t  10 g peak 

S - I  s t a g e  

__ 

STEADY STATE 

16-42 cps a t  1 g peak 
42-95 cps  a t  0,011 inch  D . A .  
95-2000 cps  a t  5 g peak 

Maximum l o n g i t u d i n a l  a c c e l e r a t i o n  6.59 g 
S-IV s t a g e  
Maximum long i tud ina l  a c c e l e r a t i o n  5.44 g 

~~ ~ 

See f i g u r e  3.10 

Lox Tanki Dome Common Bulkhead I 
Inner  Outer h n e  r 

No d a t a  

-297 "F 

* Values given  a r e  f o r  S-IV s tage  i g n i t i o n  and powered f l i g h t  
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3 . 1 6  ZONE 12 

3.16.1 TEST PHASE 

Shock 

Acoustics 

~ - ~ 

Compartment 
remperature  

No d a t a  a v a i l a b l e  

N o  d a t a  a v a i l a b l e  

N o  d a t a  a v a i l a b l e  

i 

N o  d a t a  a v a i l a b l e  
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ZONE 12 

3.16.2 LAUNCH PHASE 

Shock 

Vibra t ion 

Acous t ic 8 

Skin 
Temperature 

Cornpas tmen t 
Temperature 

~- 

20 g for 8 milliseconds - half s ine pulse 

TRANSIENT 

20-50 cps a t  2 g peak 
50-18Cl cps a t  0.016 inch D . A .  
110-2000 cps a t  10 g peak 

~~~ 

See f igures 3.10 and 3 . 1 1  

~ 

Not applicable 

+ 120°F to - 423°F 
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a 

35 g for 8 milliseconds - half sine puls'e 

TRANSIENT 

16-42 cps at 2 g peak 
42-95 cps at 0,022 inch D.A 
95-2000 cps at 10 g peak 

~~ ~ 

STEADY STATE 

16-42 cps at 1 g peak 
42-95 cps at 0.011 inch D.A. 
95-2000 cps at 5 g peak 

S-I stage 
Maximum longitudinal acceleration 6.59 g 
S-IV stage 
Maximum 1ognLtudinal acceleration 5.44 g 

See figures 3.10 and 3.11 

Not appl icab le 

- 423°F 
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3.17 ZOF-. 13 

3.17. LTEST PHASE 

Shock 

l i b r a t i o n  

:ompar tment 
Cempera t u r e  

N o  d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  

N o  d a t a  a v a i i a b l e  

No d a t a  a v a i l a b l e  
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ZONE 13 

3.17.2 LAUNCH PHASE 

Outer 
Maximum Minimum 
+160°F -86 OF 

;hock 

Inner 
Maximum Minimum 
+120"F -86 O F  

libra t ion 

k o u s  t ic 8 

5k i n  
rempera ture 

:ompar trnen t 
rernpera ture 

~ ~~~ 

20 g for 8 milliseconds - half sine pulse 

TRANSIENT 

20-50 cps at 2 g peak 
50-110 cps at 0.016 inch D.A. 
110-2000 cps at 10 g peak 

See figures 3.10 and 3.11 



ZONE 13 

3.17.3 FLIGHT PHASE 

TRANSIENT 

16-42 cps at 2 g peak 
42-95 cps at 0.022 inch D.A. 
95-2000 cps at 10 g peak 

Shock * 

STEADY STATE 

16-42 cps at 1 g peak 
42-95 cps at 0.011 inch D.A. 
95-2000 cps at 5 g peak 

Vibra t  ion  * 

Outer 
Maximum Minimum 

+140 O F  -86 OF 

Acceleration 

Inner 
Maximum Minimum 

+140"F -86 O F  

Acoustics 

Skin 
Temperature 

Compar t m e n l  
Tcrnpera t ure 

35 g for 8 milliseconds - half sine pulse 

~ 

See figures 3.10 and 3.11 

I 

Not app licab le 

* Valtes given are for S-IV stage ignition and powered flight 
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3.18 ZONE 14 

3.18.1 TEST PHASE 

Shock 

Vibration 

Acous t ics 

~~~~~ 

Compar tmeii t 
fempera ture 

No d a t a  a v a i l a b l e  

N o  d a t a  a v a i l a b l e  

No d a t a  a v a i l a b l e  

.~ ~ ~ 

No d a t a  a v a i l a b l e  
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ZONE 14 

1.18.2 LAUNCH PHASE 

Fo+ard I n t e r s t a g e  
Outer Inner ' 

Max Min Max Min 

+160"F -10°F +12O."F -10°F 

Shock 

LH7 Bulkhead 
Outer Inner  

Max Min Max Min 

+160"F -86°F 4-120 F -86°F 

L 

~- ~ 

iribra t ion 

Acoustics 

Skin 
Temperature 

Compartment 
Temperature 

20 g f o r  8 mi l l i seconds  - ha l f  sine pulse 

TRANSIENT 

20-50 cps a t  2 g peak 
50-110 c p s  a t  0.016 inch  D . A .  
110-2000 cps  a t  1Q g peak 

See f i g u r e s  3.11 and 3.12 
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-~ ~ ~ 

ZONE 14 

3.18.3 FLIGHT PHASE 

TRANSIENT 

16-42 cps a t  2 g peak 
42-95 cps a t  0.022 inch D.A. 
95-2000 cps a t  10 g peak 

Shock * 

STEADY STATE 

16-42 cps a t  1 g peak 
42-95 cps a t  0.011 inch D.A. 
95-2000 cps a t  5 g peak 

Vibrat ion * 

Forward I n t e r s  tage 

Accelerat ion 

LH7 Bulkhead 

Acoustics 

Outer Inner 
Max Min Max (Min 

+500"F' -10°F +400" -10'F 
L 

Skin  
Temperature Outer Inner 

Max ' Min Max Min 

. -86°F; -86°F -86°F -86°F 

Compor t m c n L  
TcmpcraLurc 

35 g f o r  8 mi l l i seconds  - hal f  s i n e  pulse  

I 

See f i g u r e s  3.11 and 3.12 

* Valbes given a r e  f o r  S-IV s t a g e  i g n i t i o n  and powered f l i g h t  
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3.19 ZONE 15 

3.19.1 TEST PHASE 

Shock 

Vibra t i o n  

LCOUS t ics 

~ 

:ompar tmen t 
‘empera t u r e  

35 g for 8 mil l i s econds  - ha l f  s i n e  p u l s e  

TRANSIENT 

16-42 cps a t  2 g peak 
42-95 cps a t  0.022 inch D.A 
95-2000 cps a t  10 g peak 

No d a t a  a i ra i lab le  

STEADY STATE 

16-42 cps a t  1 g peak 
42-95 cps a t  0.011 i nch  D.A. 
95-2000 cps a t  5 g peak 

No d a t a  a v a i l a b l e  
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a 

0 

a 

ZONE 15 

1.19.2 LAUNCH PHASE 

Shock 

Vibration 

Acous t ics 

Skin 
Tempera turs 

Cornpor tmen t 
Temperature 

15 g for 8 milliseconds - half sine pulse 

TRANSIENT 

20-50 cps at 2 g peak 
50-110 cps at 0.016 inch D.A. 
110-2000 cps at 10 g peak 

See figure 3.12 

No data available 

-- 
Air Conditioned instrument Canisters + 54'F to f 80°F 
Area external to canisters 50"P f 30°F 
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ZONE 15 

.19.3 FLIGHT PHASE 

Shock* 

V ib r a t ion* 

Ac ce  1 ern t ion 

Acous tics 

Skin 
T e m p e r a l u r e  

Conipar tmcn L' 
Tcm p e 1: a L 11 re  

35 g for 8 milliseconds - half sine pulse 

TRANSIENT 

16-42 cps at 2 g peak 
42-95 cps at 0.022 inch D.A 
95-2000 cps at 10 g peak 

S-I stage , 

~ 

STEADY STATE 

16-42 cps at 1 g peak 
42-95 cps at 0.011 inch D.A. 
95-2000 cps at 5 g peak 

Maximum longitudinal acceleration 6.59 g 
S-IV stage 
Maximum longitudinal acceleration 5.44 g 

See figure 3 . 1 2  

Maximum + 195°F (0.156 inch al.) 

Air Conditioned Instrument canisters f 77% k 20°F 
Area external to canisters + 80°F to + 150°F 

* Values given are for S-IV stage ignition and powered flight 
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3.20 ZONE 16 

3.20.1 TEST PHASE 

shock 

ilibra t ion 

lcoust i ce  

:ompar tmen t 
remperature 

35 g f o r  8 mill iseconds - h a l f  s i n e  pulse  

TRANSIENT 
_. . - - __. - -. - - - -- 

16-42 cps  a t  2 g peak 
42-95 cps a t  0.022 inch D . A .  
95-2000 cps a t  10 g peak 

No d a t a  a v a i l a b l e  

STEADY STATE 
- - - - - - - - - - 

16-42 cps a t  1 g peak 
42-95 cps a t  0.011 inch D.A. 
95-2000 cps a t  5 8 peak 

No d a t a  a v a i l a b l e  
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ZONE 16 - 

1.20.2 :LAUNCH PHASE 

5 hock 

Vibration 

Acoustics 

Skin 
Temperature 

Compar tmen t 
Temperature 

15 g for 8 milliseconds - half sine pulse 

TRANSIENT 

20-50 cps at 2 g peak 
50-110 cps at 0.016 inch D . A .  
110-2000 cps at 10 g peak 

See figure 3.12 

No data available 

No data available 
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0 

0 

ZONE 16 

1.20-3 FLIGHT PHASZ 

Shock 

Acceleration 

Acous t i ce  

Skin 
Temperature 

Compartment 
Temperature 

35 g for 8 mil l iseconds - h a l f  s i n e  pulse 

TRANSIENT 
& .  - ._ - _-___ 

16-42  cps a t  2 g peak 
42-95 cps a t  0.022 inch D . A .  
95-2000 cps a t  10 g peak 

STEADY STATE 
___- - 

16-42 cps a t  1 g peak 
42-95 cps a t  0 .011 inch D . A .  
95-2000 cps a t  5 g peak 

S - I  stage 
Maximum longitudinal  acce lerat ion 6 .59  g 
S - I V  stage 
Maximum longitudinal acce lerat ion 5 . 4 4  g 

See f igure 3 . 1 2  

No data avai lable  

No data avai lable  
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4 . 1  INDUCED ENVIRONMENT FOR LAUNCH COMPLEX 37 DUE TO THE SATURN 
VEHICLE 

4.1 .1  In t roduc t ion  - This  s e c t i o n  c o n s i s t s  of t h e  a n t i t i p a t e d  a c o u s t i c  
and thermal induced environments f o r  launch complex 37 during t h e  launch 
and f l i g h t  phases of  t h e  Saturn v e h i c l e .  The da ta  w i l l  apply f o r  com- 
p l ex  34 when i t  i s  modif ied t o  accommodate t h e  Block I1 v e h i c l e s .  In  
de f in ing  t h e  a c o u s t i c  environment, a set  of  t a b l e s  and a drawing of 
t h e  launch complex a re  used.  For t h e  a c o u s t i c  and t h e  thermal  d a t a ,  
t h e  va lues  presented  are based on e i g h t  188,000 pound t h r u s t  engines 
us ing  a b i l a t e r a l  b l a s t  d e f l e c t o r .  The a c o u s t i c  l e v e l s  s p e c i f i e d  i n  
t h e  t a b l e s  are  t h e  a n t i c i p a t e d  o v e r a l l  sound p res su re  l e v e l s  (SPLoa) 
i n  dec ibe l s  (db) (Ref. 0 .0002  dynes/cm2). A l l  r a d i a l  d i s t ances  are  
measured from t h e  v e r t i c a l  a x i s  o f  t h e  v e h i c l e ,  launch pad "Bl'. The 
n a t u r a l  environments t o  which the support  equipment w i l l  be exposed 
are  given i n  Sec t ion  11. 

4.1.2 Acoustic Environmental Data - The r e s u l t s  of t h e  a c o u s t i c a l  
a n a l y s i s  of launch complex 37 show t h a t  t h e  sound p res su re  l e v e l  pro-  
f i l e  is  symmetrical about  both h o r i z o n t a l  c e n t e r l i n e s  of  t h e  b i l a t e r a l  
exhaust  d e f l e c t o r .  For t h i s  reason,  t h e  angular  measurements i n  Table  
4 .1  through Table  4.4  a r e  measured from e i t h e r  exhaust s t ream i n  
e i t h e r  d i r e c t i o n  from Oo t o  180°. The a c o u s t i c  l e v e l s  i n  Table  4 .1  
through Table  4 . 4  are  given i n  one dec ibe l  increments measured on r a d i u s  
l i n e s  every 10 degrees  around the  launch complex. Table  4 .1  through 
Table  4 . 4  can be used t o  determine t h e  o v e r a l l  sound p res su re  l e v e l  of  
pad "B" during t h e  launch phase, up t o  r a d i i  of  approximately 2600 f e e t ,  
measured from t h e  v e h i c l e  v e r t i c a l  a x i s .  

The r e s u l t s  i n  Table  4.5 a r e  t h e  o v e r a l l  sound p res su re  l e v e l s ,  
during t h e  launch phase, f o r  the major i tems of ground support  equip-  
ment and launch f a c i l i t i e s  a l r eady  loca ted  on launch complex 37 and 
pad "Bll i n  p a r t i c u l a r ,  

The r e s u l t s  i n  Table  4 . 6  a r e  t h e  maximum expected sound pressure 
l e v e l s  due t o  t h e  f l i g h t  of the v e h i c l e  f o r  t h e  same equipment as 
l i s t e d  i n  Table  4 .5 .  This  values do no t  occur  s imultaneously.  They 
occur a t  some d e f i n i t e  veh ic l e  a l t i t u d e  and should b e  considered 
p resen t  on ly  f o r  a small  time dura t ion .  

The r e s u l t s  i n  Table  4.7 a r e  t h e  maximum a n t i c i p a t e d  sound p res su re  
l e v e l s  f o r  t h e  e a r l y  f l i g h t  phase (up t o  2000 f e e t  a l t i t u d e )  of  t h e  
Saturn v e h i c l e .  The a n a l y s i s  i n d i c a t e s  t h a t  as t h e  v e h i c l e  l i f t s  
o f f  t h e  pad and cont inues  t o  gain a l t i t u d e ,  a c i r c u l a r  p a t t e r n  of  
sound p res su re  l e v e l  d i s t r i b u t i o n  i s  genera ted  from t h e  cen te r  of  
launch pad llBl'. The maximum l e v e l s  expected should occur only a long  
t h e  per iphery  of a c i r c l e  a t  a r a d i u s  corresponding t o  one s p e c i f i c  
v e h i c l e  a l t i t u d e .  A t  r a d i i  o f  e r e a t e r  o r  l e s s e r  va lue  than t h e  
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4 .1 .2  Cont'd 

s p e c i f i e d  value,  t h e  sound p res su re  va lue  w i l l  b e  less than  t h e  
maximum va lue  given i n  t h e  t a b l e .  When apply ing  t h e  d a t a  i n  Table 
4 .7 ,  c o n s i d e r a t i o n  should be given t o  t h e  f a c t  t h a t  s i n c e  t h e  maxi- 
mum values  l i s t e d  correspond t o  a s p e c i f i c  v e h i c l e  a l t i t u d e  they a re  
o n l y  p re sen t  f o r  a small t i m e  du ra t ion .  
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4.1.3 Thermal Environment 

No data  a v a i l a b l e .  
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FIGURE 4 .1  
PLAN VIEW OF COMPLEX 37 
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Table 4 . 5  
Maximum S P b a  f o r  Major Ground Support  Equipment 
and F a c i l i t i e s  During Launch Phase ( P r e - L i f t - o f f )  

I d e n t i f i c a t i o n  

1. 
2. 
3 .  

4 .  

5 .  

6 .  

7 .  

8 .  
9 .  

10. 
11. 

12 .  
1 3 .  
14. 

Launch Pedes t a l  
Umb il i ca l  Tower 
Automatic Ground 
Control  S t a t i o n  
Periphery Camera 
Pad B - 1  
Per iphery Camera 
Pad B - 4  
Periphery Camera 
Pad B-2 
Periphery Camera 
Pad B - 3  
Generator Pad 
Power Pedes t a l  Pa 
Coo 1 ing  Tower 
H.P. Gas S torage  
Area 
RP-1 Storage Area 
Lox Storage  Area 
LH7 S torage  Area 

1 5 .  CaGera S t a t i o n  37-2  
1 6 .  Camera S t a t i o n  3 7 - 4  
1 7 .  Camera S t a t i o n  3 7 - 1  
1 8 .  Camera S t a t i o n  37-3 
1 9 .  E l e c t r i c a l  Equip- 

ment Bldg . "B" 
20. Launch Control  Bldg 
2 1 .  Operat ions Support 

Bldg . 

Location from 
Vehicle Axis ( f t )  

0 
58 

110 

250 

250 

285 

285 
300 
340 
4 2 0  

500 
680 
7 40 
87 5 
87 5 
87 5 
930 
930 

960 
1175 

1645 

SPLoa (db) 
Ref.  0.0002 dynes/cm2 

* 
159.7 

1 5 4 . 4  

1 5 0 . 8  

1 4 9 . 6  

1 4 9 . 4  

1 4 9 . 5  
1 4 5 . 1  
1 4 8 . 1  
144.0 

1 4 1 . 5  
1 3 8 . 3  
1 3 9 . 3  
1 3 6 . 6  
1 3 9 . 8  
1 3 9 . 3  
139.3 
1 3 9 . 0  

1 3 5 . 1  
1 3 6 . 2  

1 3 3 . 4  

JcNo va lue  l i s t e d  because of p a r t i c l e  impingement i n  t h e  
imme d ia  t e exha us t s t r earn 
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Table 4.6 
Maximum S P L a  f o r  Major Ground Support Equipment 

and F a c i l i t i e s  During F l i g h t  Phase (After L i f t - o f f )  

I d e n t i f i c a t i o n  SPLoa (db) Ref. 0.0002 dynes/cm2 

1. 

2 .  

3 .  

i.. 

5 .  

3. 

7. 

3 .  

9 .  

LO. 

11. 

1 2 .  

13.  

14.  

15 .  

16.  

1 7 .  

18. 

19 .  

20. 

2 1 .  

Launch Pedes ta l  

Umbilical Tower 

Automatic Ground Control  S t a t i o n  

Periphery Camera Pad B - 1  

Periphery Camera Pad B-4 

Periphery C a m e r a  Pad B-2 

Per iphery Camera Pad B-3 

Genera t o r  Pad 

Power Pedes t a l  Pad 

Coo 1 ing Tower 

H.P .  Gas Storage  Area 

R P - 1  S torage  Area 

Lox Storage Area 

LH2 Storage Area 

Camera S t a t i o n  37-2 

Camera S t a t i o n  37-4 

Camera S t a t i o n  37-1 

Camera S t a t i o n  37-3 

E l e c t r i c a l  Equipment Bldg. "B" 

Launch Control  Bldg. 

Operat ions Support Bldg . 

* 
157.3 

151.8 

144.7 

144.7 

143.5 

143.5 

142.9 

142.0 

140.2 

138.7 

136.0 

135.3 

133.8 

133.8 

133.8 

133.3 

133.3 

133.0 

131.2 

128.3 

2kNo va lue  l i s t e d  because of p a r t i c l e  impingement i n  the  immediate 
exhaus t  stream. 
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Table 4 . 7  
Launch Complex 3 7 ,  Maximum SPLoa f o r  Various Vehicle  A l t i t u d e s  

(Af te r  L i f t - o f f )  

A l t i t u d e  of  
i o z z l e  e x i t  p l ane  

( f e e t )  

8 0  

90  

100 

120 

140  

1 6 0  

180  

200 

250 

300 

350 

400 

500 

600 

7 50  

1000 

1500 

2000 

Radial Distance 
from Vehicle  

V e r t i c a l  Axis ( f t )  

67 .3  

7 5 . 6  

8 4 . 0  

100.7  

117.7  

1 3 4 . 6  

151 .5  

1 6 8 . 0  

210.0 

252 .0  

2 9 4 . 0  

336 .1  

4 2 0 . 0  

504 .0  

630 .0  

840 .0  

1257 .0  

1680.4 

Max SPLoa 
(db) 

Ref. 0 .002  dynes/cm2 

1 5 6 . 1  

1 5 5 . 1  

1 5 4 . 2  

152 .6  

151.7  

1 5 0 . 1  

1 4 9 . 1  

1 4 8 . 1  

146.2 

144 .6  

143 .3  

1 4 2 . 1  

140 .2  

138 .6  

136.7  

1 3 4 . 2  

130 .6  

128 .3  
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